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(57) A polypeptide exhibiting the antigenicity of Myc- 
oplasma gallisepticum, a fused polyp^tide comprising 
the above polypeptide and. connected to the N-terminus 
thereof, a signal membrane anchor of a type II outer- 
membrane polypeptide of a virus that infects birds, or a 
polypeptide capable of reacting with a mycoplasma- 
immune serum or a mycoplasma-infected serum and 
exhibiting a substantially pure antigenicity, respectively 
having amino acid sequences of about 32 kDa. about 40 
kDa, or about 70kDa. The expression w ith a recom- 
binant virus of a polypeptide modified to such an extent 
as to exhibit an antigenicity equivalent to that of any of 
the above polypeptides. The use of a recombinant virus 
as a live vaccine. 
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Description 
TECHNICAL FIELD 

The pr^errt invention relates to a novel polypeptide showing antigenicity to Mycoplasma Qallisepticum. a fused 
polypeptide between the said polypeptide and a signal membrane anchor, and a recombinant Avipox virus capable of 
expressing a polypeptide showing antigenicity to Mvcopiasma Qallisepticum especially a polypeptide showing antigenic- 
ity on the membrane surface of a host cell, as well as use thereof. 

BACKGROUND 

It is expected that a polypeptide showing antigenicity to Mycoplasma qallisepticum can be utilized as an effective 
ingredient of a vaccine for Mycoplasma oallisapticum infections, since an egg-laying rate arcj a hatching rate of eggs 
produced by infected chickens are markedly reduced when infected with Mycoplasma . qallisepticum . At present, ttie 
system using Escherichia coli or yeast is known to prepare the antigenic protein of Mvcopiasma qallisepticum by genetic 
engineering (Japanese Patent Application Laid-Open No. 2-1 1 179^. In general, it is pointed out that the production of 
a polypeptide in the system using bacteria involves problems that firstiy an antigen is expressed in a less amount and 
secondly, a pyrogen originating in a host cannot be removed. It is thus the actual situation that such a system has not 
been practically applied yet. For this reason, studies have been made on the preparation of a polypeptide expressing 
an antigenicity or a recombinant live vaccine, using a recombinant virus. However, as far as Mycoplasma Qallisepticum 
is concerned, iany recombinant virus inserted with DMA encoding said protein has not been pr^ared. 

In a virus protein where the virus infects cells, one type of a protein expressed is transported to the cell surface and 
the protein is expressed on tine surface of a cell membrane (hereinafter such a state is sometimes merely refen-ed to as 
being expressed on tiie cell surface) and anottier type of a protein that is not expressed on the cell surface. A repre- 
sentative example of the former protein is a glycoprotein contained in the coat of a virus. A recombinant virus that 
expresses such a protein eff icientiy exhibits tiie protein on the cell surface. It is thus considered that a high antibody titer 
can tje induced in poultv infected with this recombinant virus (Japanese Patent Application Laid-Open No. 1 -157381). 
On the other hand, an example of the latter type of protein includes a protein originating in bacteria, such as an antigenic 
protein of Mycoplasma Qallisepticum . 

It is not expectable to induce a high antibody titer from such recombinant viruses that express these proteins, since 
they are expressed on the cell membrane surface merely in an extremely small quantity. However, if such a protein can 
be expressed on the cell membrane surface in a large quantity by genetic engineering, a high antibody titer will be 
induced. Thus, investigations have been made to express on the membrane surface such a protein that is not principally 
expressed on the membrane surface. For exanple, there is a report tiiat DNA encoding a signal protein having ihe 
function of secreting a protein on the cell membrane surfece and DNA encoding a membrane anchor protein having tiie 
function of retaining tiie secreted protein so as not to leave out of the cell membrane surface are ligated with the 5* end 
and the 3' end of DNA encoding an antigenic protein, respectively, and a recombinant vaccinia virus inserted with the 
resulting hybrid DNA expresses the antigenic protein on the cell membrane surface of a host (J. Viol., 64. 4776-4783 
(1990) or Mol. Cell. Biol.. 6. 3191-3199 (1986)). However. DNA encoding a signal and DNA encoding a membrane 
anchor are independentiy ligated witii DNA encoding an antigenic protein in these examples so that it is hardly applicable 
practically due to complicated preparation of a recombinant virus. 

DISCLOSURE OF THE INVENTION 

The present inventors have made extensive studies to provide a polypeptide having antigenicity originating in Mvc- 
QPlasma and showing a high antigenicity, a polypeptide having antigenicity to Mvcopiasma qallisepticum expressed on 
the cell membrane surfece especially in a large quantity. DNA encoding the polypeptide, a recombinant virus inserted 
witii the same DNA and a vaccine utilizing the virus. As a result, the present invention has come to be accomplished. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows a restriction enzyme map of DNA including the open reading frame of TM-81 , 

Rg. 2 shows the procedure for consti-uction of TTM-1 N and TTM-IC. 

Rg. 3 shows the procedure for constructing pN27929-R1 . 

Rg. 4 shows the procedure for constructing pN287N. 

Rg. 5 shows the procedure for constructing pNZ7929-R2. 

Rg- 6 (A) and (B) show the procedure for constructing pN22929XM1 . 

Rg. 7 shows a restriction enzyme map of DNA including the open reading frame of TTM-1 polypeptide. 
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Fig. 8 shows a restriction enzyme map of DNA including the open reading frame of TM-67 polypeptide and the 
position of synthetic primers on ORR 

Rg. 9 (A) and (B) show the procedure for constructing pH27929-67. 

Fig. 10 shows a restriction enzyme map of DNA including the open reading frame of TM-66 polypeptide and the 
5 position of synthetic primers on ORF. 

Fig. 1 1 (A). 1 1 (B) and 1 1 (C) show the procedure for constructing pTM66. 
Fig. 12 shows the procedure for constructing pN27929-66. 

Fig. 13 shows a restriction enzyme map of DNA encoding the full length of TM-1 6 polypeptide. 
Fig. 14 shows a restriction enzyme map of the open reading frame of TM-16 polypeptide. 

10 

BEST MODE FOR PRACTICING THE INVENTION 

A novel polypeptide which is a first aspect of the present invention and shows an antigenicity which originates in 
Mycpplqsnna oallisepticum having a high antigenicity, includes a polypeptide showing an antigenicity which causes an 

IS antigen-antibody reaction with sera immunized with Mycoplasma aalliseoticum or sera and which is encoded by the 
DNA sequence having the restriction enzyme map shown in Fig. 7 originating In Mvcoplasma oaHisepticum. or a modified 
polypeptide thereof. Specific examples of the polypeptide having such an polypeptide include those showing an anti- 
genidty and having amino add sequences of SEQ ID NOS: 1, 15, 16 and 27. The modified polypeptide showing an 
antigenicity referred to herein is a polypeptide in which the amino acid sequence is modified by substitution, loss, deletion, 

20 insertion or addition but which shows an antigenicity comparable to that of the aforesaid polypeptide. Taking SEQ ID 
NO: 1 as an exanple. a modified polypeptide is used to mean a polypeptide having the same antigenicity as in an 
antigenic protein having the amino acid sequence equivalent thereto and having a homology of at least 70% to the amino 
acid sequence of said polypeptide, preferably 80% or more, most preferably 90% or more. The homology referred to in 
the present invention is used to mean the homology determined as an index by DNA sequencing input analysis system 

25 "DNASIS" (marketed by Takara Shuzo Co.). 

Hereinafter a sequence number is sometimes simply referred to as sequence in the specification. For example. 
Sequence No. 1 is sometimes refen-ed to as Sequence 1 . 

Furtiiermore. tiie DNA which encodes tine polypeptide showing an antigenicity used in the present invention includes 
DNA encoding a F)olypeptide in which the amino acid is modified by deletion, addition, insertion, loss, sul)stitution, etc., 

30 so long as it causes an antigen-antibody reaction with sera immunized with Mvcoolasma aallisepticum or sera and shows 
an antigenicity originating in Mycoplasma qalliseDticum or an antigenicity equivalent thereto. 

Avipox virus which is a second aspect of the present invention is a recombinant Avipox virus inserted witii a hybrid 
DNA in which DNA encoding the antigenic polypeptide of Mycoplasma oallisepticum (hereinafter abbreviated as anti- 
genic DNA) or DNA encoding a signal membrane anchor of Type II external membrane protein is ligated witin DNA 

35 encoding a polypeptide showing an antigenicity of Mvcoolasma aallisepticum . In order to express large quantities of the 
polypeptide showing an antigenicity of Mvcoplasma aallisepticum that is not basically expressed on the surface of cell 
membrane, it is preferred to enploy the hybrid DNA. 

That is, in the second aspect of the present invention, there are provided a polypeptide showing an antigenicity of 
Mycoplasma aallisepticum (hereinafter sometimes merely referred to as antigenic protein), a fused polypeptide ligated 

40 at tiie N terminus of the polypeptide with a signal membrane anchor of type II outer membrane protein of a virus infected 
to poultry (hereinafter merely refen-ed to as signal membrane anchor), a vaccine against Mvcoplasma oallisepticum 
infections comprising as an effective ingredient the antigenic protein or the fused polypeptide, a hybrid DNA which 
encodes the fused polypeptide, a recombinant Avipox virus inserted into the genomic region non-essential to growth of 
Avipox virus (hereinafter referred to as non-essential region) with DNA encoding the antigenic protein or the hybrid DNA. 

45 and a live vaccine aoainst Mycoplasma aallisepticum which conrprises the Avipox virus as an effective ingredient. 

The signal membrane anchor which is employed in the present invention as the second aspect is a polypeptide 
region having the function of transporting type II external membrane protein of a virus infected to poultry to the surface 
of cell membrane and expressing the transported protein on the surface of cell membrane, and is preferably derived 
from a virus which is nw-pathogenic to human. The DNA encoding the signal membrane anchor which is enployed in 

so the present invention (hereinafter refen-ed to as signal membrane anchor DNA) can be readily found by amino add 
sequencing analysis of the hydrophobic peptide region of type II external membrane protein at the amino terminus. A 
specific example of the signal membrane anchor is that having the sequence shown by SEQ ID NO: 13 (Mol. Cell. Biol., 
10, 449-457 (1990)). This DNA codes for 22 amino acids at the amino terminus of hemagglutinin neuraminidase (here- 
inafter abbreviated as HN protein) of Newcastle disease virus (hereinafter abbreviated as NDV). 

55 In order to stably exhibit the expressed antigenic protein on the cell membrane, it is effective for a hydrophilic peptide 
to be present at the carboxy terminal of the signal membrane anchor. Accordingly, it is preferred tiiat DNA encoding a 
hydrophilic peptide be added downstream the signal membrane anchor DNA. DNA to be added conprises base pairs 
conesponding to 10 to 50 amino acids, preferably 20 to 30 amino adcte. 
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Specific exanrples of the DNA encoding the antigenic protein in accordance with the present invention include, in 
addition to the four sa^uences as the first aspect of the present invention, DNA described in Japanese Patent Application 
Laid-open No. 1-111 795. a genomic DNA fragment of Mycoplasma oaHisepticum containing the aforementioned DNA. 
DNA (hereinafter refen-ed to as TTM-1) encoding a polypeptide of about 40 kilodaltons showing an antigenicity and 
having the sequence shown by SEQ. ID NO: 1 4 (hereinafter referred to as TTM-1 ' polypeptide), DNA derived from natural 
Mycoplasma aaliiseptictim substantially equivalert to TTM-V (hereinafter referred to as TTM-1), and the like. The TTM- 
1 and r are disclosed in WO 93/24646. The DNA encoding the antigenic protein may also be DNA encoding such a 
polypeptide that a part of the sequence is modified by substitution, loss, deletion, insertion, addition, etc. as long as it 
retains an antigenicity substantially equivalent to that of the antigenic protein encoded by the nucleotide sequence. 

Sources for collecting such a DNA may be any of the sources so long as they belong to Mvcoplasma gallisepticum . 
Specific examples include 36 strain (ATCC 15302). PG31 (ATCC 19610) and the like. 

The hybrid DNA which is used in the presort invention as its second aspect is the aforesaid signal membrane anchor 
DNA iigated with DNA encoding a polypeptide showing an antigenicity. The fused polypeptide of the present Invention 
is a polypeptide encoded by the hybrid DNA descrifc>ed above which contains a part of the signal membrane anchor and 
a part of the polypeptide showing an antigenicity in the molecule of the polypeptide. The hybrid DNA can be produced 
in a conventional manner, e.g.. by modifying the 3' end of the signal membrane anchor DNA and the 5* end of the DNA 
encoding the antigenic protein so as to form ligatable rest-iction enzyme digestion fragments, and ligating both DNAs 
according to the method for ligation using a ligase or the method for ligating both DNAs with a ligase by inserting an 
appropriate linker therebetween. The signal membrane anchor and the DNA encoding the polypeptide showing an anti- 
genicity may contain therebetween, for example, DNA encoding a hydrophilic peptide. DNA encoding other antigenic 
protein, linker DNA. etc., so long as tiie signal membrane anchor DNA and the DNA encoding the polypeptide showing 
an antigenicity are expressed as one polypeptide. The fused polypeptide of tfie present invention is obtained by Incu- 
bating a recombinant Avipox virus, later described, in culture cells such as chick embryo, fibroblast (hereinafter referred 
to as CEF cells) or embryonated chorioallantoic membrane cells, etc., and purifying the desired polypeptide by a method 
optionally chosen from diromatography, precipitation by salting-out, density gradient centrifugation, etc. The fused 
polypeptide thus obtained can be used as a component vaccine which will be later described. 

The recombinant Avipox virus of the present invention is a recombinant Avipox virus in which the aforesaid DNA or 
hybrid DNA is inserted in the non-essential region. The recombinant Avipox virus of the present invention may be con- 
structed in a conventional manner, e.g.. by the method described in Japanese Patent Application Laid-Open No. 1- 
168279. That is. the non-essential region of Avipox virus is incorporated Into a DNA fragment, if necessary, inserted 
witii a promoter in tiie non-essential region, to consti'uct a first recombinant vector. 

As the non-essential region of Avipox virus which is used in the present invention, there are a TK gene region of 
quail pox virus, a TK gene region of turkey pox virus and DNA fragments described in Jap)anese Patent Application Laid- 
Open 1-168279, preferably a region which causes homologous recombination with EcoRI fragment of about 7.3 Kbp, 
Hindlll fragment of about 5.2 Kbp, EcoRI-Hindlll fragment of about 5.0 Kbp. BamHI fragment of about 4.0 Kbp, described 
in the patent specification supra . 

Examples of the vector used in the present invention include plasmids such as pBR322, pBR325, pBR327, pBR328. 
pUC7, pUC8, pUC9, pUC19, and the like: phages such as ^ phage, Ml 3 phage, etc.; cosmid such as pHC79 (Gene, 
1 1 . 291 , 1 980) and the like. 

The Avipox virus used in the present invention is not particularly limited so long as H is a virus infected to poultry 
Specific examples of such a virus include pigeon pox virus, fowl pox virus (hereafter abbreviated as FPV), canary pox 
virus, turkey pox viri^, preferably turkey pox virus, pigeon pox virus and FPV. more preferably pigeon pox virus and FPV. 
Specific examples of the most preferred Avipox virus include FPVs such as ATCC VR-251 , ATCC VR-249, ATCC VR- 
250, ATCC VR-229, ATCC VR-288. Nishigahara strain. Shisui strain, CEVA sb-ain and a viral strain among CEVA strain- 
derived viruses which forms a large plaque when infected to chick embryo f toroblast. and a virus such as NP strain (chick 
embryo-conditioned pigeon pox virus Nakano strain), etc. which is akin to FPV and used as a fowlpox live vaccine sfa'ain. 
These strains are commercially available and readily accessible. 

Then, the aforesaid antigenic DNA or hybrid DNA is inserted into the non-essential region of the first recombinant 
vector described above to construct a second recombinant vector. Where the hybrid DNA is employed, a promoter is 
generally inserted upstream the hybrid DNA. The promoter used may be a promoter having any nucleotide sequence, 
irrespective of a synthetic or natural promoter, as far as it effectively functions as a promoter in the system of transcription 
possessed by APV. Accordingly not only a promoter inherent to APV such as a promoter of APV gene encoding tiiymidine 
kinase but also DNA derived from viruses other than APV and DNA derived from eucaryote or procaryote may also be 
employed in the present invention, as long as tiiese substance meet the requirements described above. Specific exam- 
ples of such a promoter include a promoter of vaccinia virus (hereinafter sometimes at^reviated as W) described in J. 
ViroL. 5L 662-669 (1984). more specifically a promoter of W DNA encoding 7.5 K polypeptide, a promoter of W DNA 
encoding 1 9 K polypeptide, a promoter of W DNA encoding 42 K polypeptide, a promoter of W DNA encoding ttiymidine 
kinase, a promoter of W DNA encoding 28 K polyp^ide, etc. Furthermore, there may be used a synthetic promoter 
obtained by modification of the Moss et al. article (J. Moi. Biol., 2^SL 749-776. 771-784, 1989). a promoter syntiiesized 
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by Davidson, a promoter detained by modifying a part of the Davidson promoter through deletion or change within such 
a range that does not lose the promoter activity 
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25 Further in view of easy detection of the recombinant virus, a marker DNA such as DNA encoding p-galactosidase 
may also be inserted. 

The recombinant Avipox virus may be constructed by transfecting the second recombinant vector described above 
to animal culture cells previously Infected with Avipox virus and causing homologous recombination between the vector 
^ DNA and the viral genome DNA. The animal culture cells used herein may be any cells in which Avipox can grow. Specific 

' i 30 examples of such animal culture cells are CEF cells, embryonated egg chorioallantoic membrane cells, and the like. 

The desired recombinant Avipox virus is isolated from the virus infected to host cells by the method of plaque hybrid- 
ization, etc. The recombinant Avipox virus may be further purified by plaque assay, etc. 

The recombinant virus of the present invention constructed by the method described above can be inoculated to 
fowl as a live vaccine against Mvcoolasma oallisepticum infection. 
35 The live vaccine of the present invention is prepared by, e.g., the following method, though the process is not par- 
ticularly limited. The recombinant virus of the present invention is infected to cells in which the virus can grow (hereafter 
referred to as host cells). After the recombinant virus grows, the cells are recovered and homogenated. The homogenate 
is centrifuged with a centrifuging machine to separate into the precipitates and the high titer supernatant containing the 
recombinant virus in a centrifuging tube. The resulting supernatant is substantially free of host cells but contains the cell 
<o culture medium and the recombinant virus and hence can be used as a live vaccine. The supernatant may be diluted 
by adding a pharmacologically inactive carrier, e.g.. physiological saline, etc. The supernatant may be freeze-dried to 
be provided for use as a live vaccine. A method for administration of the live vaccine of the present invention is not 
particularly limited and examples of the administration include a method for scratching the skin and inoculating the live 
vaccine on the scratch, effecting the inoculation through injection, oral administration by mixing the live vaccine with feed . 
45 or drinking water, inhalation by aerosol or spray, etc. In order to use as the live vaccine, the dosage may be the same 
as ordinary live vaccine; for example, approximately 102 to 108 plaque forming unit (hereinafter abbreviated as PFU) is 
inoculated per chick. Where the inoculation is effected by injection, the recombinant virus of the present inverttion is 
generally suspended in about 0.1 ml of an isotonic solvent such as physiological saline and the resulting suspension is 
provided for use. The live vaccine of the present invention may be stored under ordinary conditions and provided for 
so use. For example, when the recombinant virus of the present invention is freeze-dried, it is possible to store at room 
temperature (20 to 22*C). It is also possible to freeze the virus suspension at -20 to -70*C and store the frozen suspen- 
sion. 

On the other hand, the connponent vaccine of the present invention comprises as an effective ingredient the polypep- 
tide showing an antigenicity in accordance with the present invention, especially the fused polypeptide. The component 
55 vaccine may be administered to fowl in the same manner as in the live vaccine described above. The dose is generally 
in the range of approximately 1 ^g to 1 mg per one subject. 

According to the present invention, the polypeptide showing an Mvcoptasma oallisepticum antigenicity and the fused 
polypeptide between the said polypeptide and the signal membrane anchor are obtained. In particular, this fused 
polypeptide is effective as a vaccine against Mvcooiasnna aallisepticum infections. By utilizing DNA encoding the fused 
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protern. the recombinant Avipox virus which can express the polypeptide showing an Mycoplasma oallisepticum anti- 
genicity is obtained. The recombinant Avipox virus is effective as a potent live vaccine against Mycoplasma oailisepticum 
infections. In addition, the novel polypeptide showing an antigenicity of the present in^/ention and DNA encoding the 
same can be utilized as a conponent vaccine and a live vaccine, respectively. 

5 

EXAMPLES 

Hereinafter the present invention will be described with reference to the examples and the reference examples but 
is not deemed to be limited thereto. 

10 

Reference Example 1 

Obtaining of polypeptide DNA TTM-1 in which Mvcoolasma oaHiseoticum is expressed: 
15 ( 1 ) Preparation of genomic DNA of Mvcoolasma oalliseDlicum 

Mycoplasma aallisepticum S6 strain was cultured at 37**C for 3 to 5 days in liquid medium prepared by supplementing 
20% horse serum. 5% yeast extract, 1% glucose and a trace amount of phenol red as a pH indicator in 100 ml of PPLO 
broth basal medium. As Mycoplasma aallisepticum proliferated. pH of the culture broth decreased. At the point of time 

20 when the color of the pH indicator contained in the culture broth changed from red to yellow, incubation was terminated. 
The culture medium was centrifuged at 8000G for 20 minutes to collect the cells. The cells were then suspended in1/l 0 
volume of PBS based on the volume of culture medium. The suspension was again centrifuged at 10.000 rpm x G for 
20 minutes to colled the cells. The collected cells were resuspended in 2.7 ml of PBS and SOS was added thereto in 
a final concentration of 1%. Furthermore 1 0 img of RNase was added to the mixture. The mixture was incubated at 37*»C 

25 for 30 minutes to cause lysis. 

The lysate was extracted 3 times with an equal volume of phenol and then 3 times with ethyl ether. The extract was 
precipitated with ethanol to give 200 jig of genomic DNA of Mycoplasma aallisepticum . 

(2) Genomic Southern hybridization of Mycoplasma aallisepticum using TM-1 DNA as a probe 

30 

After 1 Jig of Mycoplasma aallisepticum DNA obtained in (1) described above was digested with Xbal. the digestion 
product was subjected to 0.6% low melting agarose gel electrophoresis. After the electrophoresis, the gel was immersed 
in an alkaline denaturation solution (0.5 M NaOH, 1.5 M NaCI) for 10 minutes to denature DNA and further immersed 
in a neutralizing solution (3 M sodium acetate, pH 5.5) for 10 minutes to neutralize. Following the neutralization, the DNA 

35 was transfen^ed onto a nylon membrane in 6-fold SSC solution (0.7 M NaCI, 0.07 M sodium citrate, pH 7.5). After air 
drying, the membrane was heated at 80^C for 2 hours. 4-Fold SET (0.6 M NaCI. 0.08 M Tris-HCI. 4 mM EDTA, pH 7.8)- 
1 0-fold Denhardt-0.1% SDS-0.1% Na4P2O7-50 fig/ml of denatured salmon sperm DNA andpUM-1 (see Japan^e Patent 
Application Laid-Open No. 2-1 1 1 795) which had been labelled in a conventional manner were added to cause hybridi- 
zation at 68"C for 14 hours. The nylon membrane was overlaid on an X ray film. Autoradiography revealed tiiat hybrid- 

40 Izatlon occurred on the fragment of about 3.4 kbp. 

(3) Cloning of Xbal-digested fragment of about 3.4 ktip to pUC-19 and colony hybridization 

After 4 ^g of Mycoplasma aallisepticum DNA obtained in Example 1(1) described above was digested with restriction 
45 enzyme Xbal, the digestion product was subject to 0.6% low melting agarose gel elecb-ophoresis. After the elertrophore- 
sis, the fragment of about 3.4 kbp was recovered. The fragment was iigated with Xbal-digested pUC-19 using ligase 
and competent E. soli TGI sti-ain was fransformed by the ligation product. The transformants were cultured at 37*C for 
15 hours in LB agar medium containing 0.003% of 5-bromo-4-chloro-3-indolyl-p-D-galactopyranoside. 0.03 mM of iso- 
propytthio-^D-galactopyranoside and 40 jig/ml of ampicillin. White colonies grown on the agar medium were transferred 
so onto a nylon membrane followed by hybridization in a manner similar to (2) above. Autoradiography revealed that cloning 
was effected and, the thus obtained plasmid was named pUTTMl . 

(4) Production of TTM-r modified (TGA TGG) not to read TTM-1 -encoding protein TTMG-1 by TGA as translation 
termination codon (see Fig. 2) 

55 

After pUTTM-1 of (3) described above was digested with restriction enzymes Sad and EcoRI and the digestion 
product was then subjected to 0.8% low melting agarose gel electrophoresis. The 1.1 kbp fragment containing the S- 
end of TTM-1 was recovered by treating with phenol-chloroform and precipitating with ethanol. The fragment was Iigated 
with the fragment obtained by digestion of M13mpl1 phage with Sad and EcoRI. The ligation reaction solution was 
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mixed at m.oJ. of 0. 1 with a solution obtained by culturing E. coH TGI at 37*C for 24 hours, adding IPTG thereto in a final 
concentration of 100 nnM and further suppienienting IPTG in a X-gal concentration of 2%. The resulting mixture was 
inoculated on soft agar for solidification. Incubation was then performed at ST^'C for 24 hours. Among the phage plaques 
formed, recombinant phage TTM-1 N containing 1 .1 M3p DNA of TTM-1 was collected from the phage in which the color 
5 did not change to blue. 

Likewise, pUTTM-1 was digested with EcoRI and EcoRV. After 0.8% low melting agarose gel electrophoresis, the 
0.4 kbp fragment containing the 3'-end of TTM-1 was recover&d from the gel. A phenolchloroform treatment followed by 
ethanol precipitation gave M1 3mp1 0 phage. Ml Smpi 0 phage was ligated with the fragment obtained by digestion with 
EcoRI and EcoRV using ligase. The reaction solution was treated as in the cloning of the 1.1 ktjp DNA. Recombinant 
10 phage TTM-1 C containing 0.4 kfc^ DNA of TTM-1 was thus obtained. 

(5) Preparation of single stranded DNA from each recombinant phage 

The two recorrtDinant phage obtained in (4) described above were added at m.o.i. of 0. 1 , respectively, to eofi TGI 
IS proliferated at 37*C in 100 ml of 2 x YT medium. After shake culture at ZJ'^C for 5 hours, centrifugation was performed 
at 5000G for 30 minutes to obtain the cell-free supernatant. A 0.2-fold volume of polyethylene glycol/sodium chloride 
mixture (20% polyetiiylene glycol #6000. 2.5 M NaCI) was added to the supernatant. After settlement at 4*0 for an hour, 
the mixture was centrifuged at 5000G for 20 minutes to recover the precipitates. The precipitates were dissolved in 500 
^l of TE buffer (10 mM Tris-HCI. 1 mM EDTA. pH 8.0). After extraction wth phenol-chloroform, single stranded DNA of 
20 each recombinant phage was recovered by ethanol precipitation. 

(6) Construction of site-specific mutated plasmids using artificially synthesized oligonucleotide as a primer 

The thus obtained DNA has TGA at the middle of the sequence. This TGA sequence Is recognized as a termination 
25 codon in a normal cell so that the TGA sequence does not translate the sequence added thereafter. Therefore, in order 
to translate the TGA portion as methionine, the basic adenine which corresponds to the third nucleotide in codon NNN 
must be modified to guanine. Thus, the following two oligonucleotides were synthesized. 
Sequence No. 17: 

3-TAGGTTCTTCCTGGCAAACCTTACGACTAGTT-5' 
30 Sequence No. 18: 

3'-CTAGAAAGAAGGTAAATATCA-5* 

The oligonucleotide shown by Sequence No. 1 7 (SEQ ID NO: 17) is annealed to single stranded DNA of TTM- 
1 N and the oligonucleotide shown by Sequence No. 1 8 to single stranded DNA of TTM-1 G to cause the desired mutation 
by the method of Frits Eckstein et al. (Nucleic Add Research. 8749-8764, 1 985). The thus obtained recombinant phages 

35 were named TTM-1 N' and TTM-1G'. respectively The TTM-1 N* and TTM-1 C phage DNAs thus obtained were digested 
with restriction enzymes Sacl-EcoRI and EcoRI-Bglll. respectively By 0.8% low melting agarose gel electrophoresis, 
the fragments of 1.1 kt)p and 0.4 kbp were extracted from the agarose gel and recovered by ethanol precipitation. On 
the other hand, plasmid pUTTM-1 was also digested with Sacl-Bglll. The 4.8 kip fragment bearing a vector was extracted 
by 0.8% low melting agarose gel electrophoresis and recovered by ethanol precipitation. The thus obtained three frag- 

40 ments were ligated by ligase and competent E. ^ TGI strain was transfomied to obtain plasmid pUTTM-r bearing 
TTM-r with mutagenesis at the desired site thereof. The nucleotide sequence of TTM-1' is as shown by SEQ ID NO: 
14 according to the Dideoxy method by Sanger et al. (Proc. Natl. Acad. Sci. USA, 74, 5463 (1977)). The nucleotide 
sequence is substantially the same as the 40 kilodalton TTM-1 polyp^tide of M. Qaliiseoticum . 

.45 Reference Example 2 

Gonstruction of vector pNZ1 729R for insertion 

The EcoRI fragment (about 7.3 kbp) of NP strain was inserted into pUG18 at the EcoRI digestion site (terminus at 
so the multi-cloning site) to obtain plasmid pNZI 33 (about 1 0.0 kbp). From the plasmid the Hpal-Spel fragment (about 3.0 
kbp fragment derived from NP strain) was excised out and rendered blunt end by Klenow fragment. Furthermore, the 
EcoRI-Hlndlll fragment (multi-cloning site of 52 bp) was removed from pUG18 and rendered blunt end by Klenow frag- 
ment. The two fragments were ligated with each other to form a plasmid. After removing the EcoRV site in the Hpal- 
Spel fragment, the EcoRI-Hindlll fragment (multi-cloning site of 52 bp) of pUG18 is inserted therein using Hindlll linker 
55 (5'-GAAGCTTG-3') and EcoRI linker (5 -GGAATTCC-3') to construct plasmid pNZ133SR, 

Sequence No. 2 (SEQ ID NO: 2) and Sequence No. 3 (SEQ ID NO: 3) (bearing FPV promoter of 17 bases and 
linked to a translation initiation codon for lacZ) were annealed to double strands. Sequence No. 4 (SEQ ID NO: 4) 
annealed to the lacZ gene (derived from pMG1871 an pMAOOl . Sirakawa et al.. Gene. 28. 1 27-1 32, 1 984) and Sequence 
No. 5 (SEQ ID NO: 5). Sequence No. 6 (SEQ ID NO: 6) and Sequence No. 7 (SEQ ID NO: 7). Sequence No. 8 (SEQ 
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ID NO: 8) and Sequence No. 9 (SEQ ID NO: 9). Sequence Na 10 (SEQ ID NO: 10) and Sequence No. 1 1 (SEQ ID NO: 
11). were ligated with each other (which contains a modified synthetic promoter of poxvirus shovm by nucleotide 

sequence: 

tttttttttttttttggcatatAaa 
taataaatacaataattaattacgc 
gtaaaaattgaaaaactattctaat 

TTATTG GAG TO 



from the next T of AGC at the 5' end of Sequence No. 3 to C before G of Sequence No. 5 at the 3' end. and further linked 
to the multi-cloning site and poxvirus initial transcription termination signal on the both directions (SEQ ID NO: 12) (Yuen 
et aL, Proc. Natl. Acad. Sci., USA. 88, 641 7-6421 . 1989) thereby to obtain the EcoRI-Hindlll fragment (about 3.5 kbp). 
The EcoRI-Hlndlli fragment was inserted into pN2133SR to construct plasmid pN21729R, 

Example 1 

Construction of plasmid pN27929-R1 for recombination (see Fig. 3) 

(1) Construction of plasmid pUTTMl P having ligated a synthetic promoter with TTM-r gene 

In order to form tiie restriction enzyme Oral digestion site upstream ATG corresponding to initiation codon of TTM- 
1 ' protein in plasmid pUTTMl ' (see WO 93/24646) containing the full length TTM-1 ' DNA obtained in Reference Example 
1 . the following oligonucleotide was f irstiy prepared. 
Sequence No. 19 

3'TATAGAATTAAATTTTACTTATTC-5' 
Next, after pUTTM-1 ' was digested with restriction enzymes Sad and EcoRI, the fragment of about 2300 bp was recov- 
ered and then ligated with the fragment obtained by digestion of M13mp10 with Sad and EcoRI to obtain recombinant 
phage TTM-r. The oligonucleotide described above was annealed to single stranded TTM-1' to cause the desired var- 
iation by the method of Frits Eckstein et al. This recont)inant phage DNA variant was cfigested with restriction enzymes 
Sad and EcoRI. The fragment of about 2300 typ was recovered and cloned to the vector-bearing fragment obtained by 
digestion of pUTTM- 1 ' again with Sac I and Eco Rl to obtain pUTTM 1 D. 

A synthetic promoter was prepared by synthesizing DNAs of Sequence-20 and Sequence-21 followed by annealing, 
whereby the digestion sites with restriction enzymes Hindlll and Hindi at the end. 

Sequence-20 5' - ACCTTTTTTnTTTTTnTTtTTCCCATATAAATAATAAATACAATAAnAATTACCCCTAM^^ 

Sequence-21 3'- AAAAA^^AAAAAAAAAAAACCCTATAmATTATTTATCTTATTAAmATCCCCAT^TTAA 

Hindlll 

CAAAAACTATTCrAAmAnCCACTCCrC -3 ' 
CrrTTTCATAACATTAAATAACCTCACCAC -5 ' 

Hindi 



Finally, the 1200 bp fragment obtained by digestion of pUTTMl D with restriction enzymes Dral and Bglll was 
ligated with the synthetic promoter described above and the fragment obtained by digestion of pUC18 with Hindlll and 
BamHI to give plasmid pUTTMl P of atx)ut 4.0 kbp. 
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(2) Construction of pNZ7929R1 

After plasmid pUTTMIp obtained in (1) was digested with restriction enzymes Hindlll and Kpnl, the fragment of 
about 1300 bp was recovered. Next, vector pN21729R (EP-A-0520753) for FPV recombination obtained in Reference 
5 Example 2 was digested with restriction enzymes Hindlll and Kpnl. The two fragments were iigated with each other to 
detain the desired vector pNZ7929-R1 (about 10.3 kbp) for recombination. 

(3) Construction of recombinant FPV fNZ7929-R1 1 and purification thereof 

w HP strain, which is a fowlpox live vaccine strain, was infected to monolayered CEF at m.o.i. = 0.1 . Three hours after, 
these cells were peeled apart from the monolayer by a treatment with trypsin to form a cell suspension. After 2 x 10^ 
cells in the suspension were mixed with 10 p.g of plasmid pNZ7929-Rl for recombination, the mixture was suspended 
in Saline G (0.1 4M NaCI, O.SmMKCI, 1.1 mM Na2HP04, 1. 5 mM KH2PO4, 0.5 mMMgCl2 6H20. 0.011% glucose). The 
suspension was subjected to electrophorasis under conditions of 3.0 kV cm""*. 0.4 msec and 25'*C, using Gene Pulser 

IS (Bio-Rad) at room temperature. The plasmid-infected cells were then cultured at 37'C for 72 hours. The cells were lysed 
by freeze and thaw 3 times to recover viruses containing the recombinant virus. 

The recombinant virus recovered was selected as follows. The recovered viral solution was infected to monolayered 
CEF and 10 ml of agar solution containing growth medium was overlaid thereon. After agar was solidified at room 
temperature, incubation was performed at 37'*C until plaques of FPV appeared. Then agar medium containing Bluo gal 

20 in a concentration of 200 ^.g/ml was overlaid on the agar followed by incubation at 37®C for further 48 hours. Among all 
of the plaques, about 1% of the plaques were colored blue. These blue plaques were isolated and recovered. By the 
same procedures, isolation and recovery were repeated to purify the virus until all the plaques were stained to blue with 
Bluo gal. In general, the repeated procedures were terminated by 3 to 4 times. The purified virus was named fNZ7929- 
R1 In fNZ7929-R1 . each position of the DMA inserted was confirmed by dot blotting hybridization and Southern blotting 

25 hybridization. 

Example 2 Obtaining of 70 K protein DNA 

(1) Preparation of Mycoplasma Qallisepticum genomic DNA 

30 

Using Mycoplasma oallisepticum S6 strain, 200 ^g of Mvcoplasma aalliseoticum DNA yms obtained in a manner 
similar to Reference Example 1 (1) described above. 

(2) Preparation of genomic DNA library 

35 

After 4 units of restriction enzyme Alul was added to 40 jig of Mvcoplasma oallisepticum genomic DNA dDtained in 
(1), incubation was conducted at 37*»C for 10 minutes for partial digestion. The partially digested genomic DNA was 
subjected to 0.8% low melting agarose gel electrophoresis. The DNA fragment having a strand length of approximately 
1 .0 kbp to 4.0 kbp was recovered from the gel. The DNA fragment was treated with phenol and then precipitated with 

40 ethanol to give 4 (tg of the DNA fragment partially digested with Alul. 

S-Adenosyl-L-methlonine was added to 1 .2 ^g of the Alul-partially dIgested-DNA fragment in a final concentration 
of 80 M^M and 20 units of EcoRI methylase was further added thereto to methylate the deoxyadenoslne site in the EcoRI 
recognition sequence, thereby to render the sequence non-sensitive to EcoRI. EcoRI linker was iigated with this DNA 
fragment using ligase. The ligation product was then mixed with the EcoRI digestion fragment of Xgtll DNA to li^te with 

45 each other by ligase. The reaction solution was used to effect in vitro packaging in a conventional manner (DNA Cloning. 
Vol. 1 . A Practical Approach, edited by D.M. Glover). The resulting product was transfected to Escherichia coli Y1088 
strain (Amersham) followed by incubation at 37*C for 12 hours in LB agar medium containing 0.003% of 5-bromo-4- 
chloro-3-irKiolyl-p-D-galactopyranosideand 0.03 mM isopropytthio>p-D-galactopyranoside. Among the plaques formed, 
a library size was estimated by the count of white plaques to prepare DNA library of 106 pfu (plaque forming unit). 

so 

(3) Immuno-screening of genomic DNA library 

The phage obtained from the DNA library prepared in (2) was added to a suspension of Escherichia coli Y1090 
strain (Amersham) in an aqueous solution of 1 0 mM MgS04 to form 500 to 1 000 plaques on one plate of 8 cm0 to effect 
55 adsorption for 15 minutes. Furthermore 2.5 ml of LB soft agar medium warmed to 45'*C was added and overlaid on the 
LB agar medium followed by incubation at 42*C for 3 to 4 hours. A nylon membrane filter was immersed in 10 mM of 
IPTG aqueous solution, air-dried and then overlaid on the plate described above followed by incubation at 37°C for 
further 2 to 3 hours. After the incubation, the nylon membrane filter was peeled apart from the plate asxd washed witii 
TBS (50 mM Tris-HCI, pH 8.0. 150 mM NaCI). The fBter was immersed in 2% skimmed milk-containing TBS for 30 
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minutes and then treated for an hour with anti -Mvcoplasma chicken serum diluted with TBS to 500-fofd. Thereafter, the 
filter was immersed in TBS for 1 5 minutes to wash the fitter. The filter was further washed by immersing in TBS containing 
0.05% of a surfactant {Tween 20) for 10 to 1 5 minutes. This step was repeated 4 to 5 times. Then the filter was treated 
with biotinylated antilxxiy against chicken IgG for 60 minutes. After treating with a secondary antibody, the filter was 

5 washed with PBS containing 0.05% of Tween 20 5 to 6 times and then treated for 60 minutes by immersing in horse 
radish peroxidase-avkJin D solution. After the treatment, the filter washed with PBS containing 0.05% of Tween 20 5 to 
6 times and then washed with 10 mM Tris-HCI. pH 8.0. Then, the filter was immersed In a buffer containing 4-chloro- 
naphthol and hydrogen peroxide. By a series of these operations, only the plaques that expressed an antigenic protein 
origirating in Mycoplasma qallisepticum were colored purple. 

10 By the aforesaid immuno-screening of about 5 x 10^ plaques. 50 positive plaques were obtained. 

(4) Production of immuno-positive recombinant Xgtll phage DNA 

Escherichia £Q|i Y1090 strain was incubated at sy'C for 12 hours in LB medium sufi^lemented with 50 p^g/ml amp- 
IS idllin. The culture broth was added to a 1 0-fold amount of LB medium containing mM MgS04. Then, recombinant Agtll 
phage which was obtained in (3) and became positive by immuno-screening was added to the medium at m.o.i. = 0.05, 
followed by incubation at 37**C for 5 to 10 hours. After lysis of Escherichia coll . centrifugation was carried out at 8.000 
rpm for 10 minutes to obtain the supernatant. To the supernatant were added an equal volume of TM buffer (50 mM 
Tris-HCI, pH 7.4. 10 mM MgS04) and DNase I in a concentration of 0.016 mg/ml. followed by incutjation for 15 minutes. 
20 After NaCI and polyethylene glycol (PEG 6000) were added to the culture broth in concentrations of 0.5 M and 0. 1 g/ml. 
respectively, the mixture \a^s shaken at 0**C for 1 5 minutes. After centrifugation at 10.000 rpm for 10 minutes, the super- 
natant was removed. The resulting pellets were dissolved in a 1/1 00 volume of TM buffer and an equal volume of chlo- 
roform was added thereto followed by vigorous stirring. By centrifugation at 15,000 rpm for 10 minutes, recombinant 
Ajgtll phage was collected in the aqueous phase to obtain the phage solution. 
25 EDTA, SDS and pronase E were added to the phage solution in final concentrations of 0.025 M, 1% and 1 mg/ml. 
respectively After incubation at for 4 hours, the solution was subjected to phenol extraction and ethanol precipitation 
to give Xgtll phage DNA containing the cloned antigenic DNA (M-81). 

(5) Construction of recombinant plasmid (pM-81) 

30 

The recombinant Xgtll phage DNA obtained in (4) was digested with restriction enzyme EcoRI. the digestion product 
was subjected to 0.8% low melting agarose gel electrophoresis. The genomic DNA fragment of Mycoplasma oalliseo- 
ticum inserted into the genomic DNA of Xgtll phage at the cloning site showed a strand length of about 2.8 kbp. This 
DNA fragment was extracted from the agarose gel and then with phenolchloroform (1:1) and recovered by ethanol 

35 precipitation. On the other hand, after plasmid pUGI 8 was digested with EcoRI. the digged pUCI 8 was extracted with 
phenol -chloroform and recovered by ethanol precipitation, in a similar manner. Then, the phosphate at the 5' end was 
removed by an alkaline phosphatase treatment. After pUC18 DNA was again extracted with phenol-chloroform, DNA 
was recovered by ethanol precipitation. 

The digested pUGl8 was ligated with the EcoRI digestion product (about 0.8 kbp) derived from Mycoplasma Qalli- 

40 septjcum using ligase. Competent Escherichia coll TGI strain was transformed with the ligation product. The transform- 
ants were cultured at Zl'^C for 15 hours in LB agar medium supplemented with 0.003% of 5-bromo-4-chloro-3-indolyl- 
p-D-galactopyranoskle. 0.03 mM of Isopropylthlo-p-D-galactopyranoside .and 40 ^g/ml of ampicillin. Among the trans- 
formed E. cQli grown on the agar medium, white colonies were cultured at 37°C for 15 hours in 40 jig/ml ampidllin- 
supplemented LB liquid medium and plasmid was extracted by the method o1 Birnboin & Doly [Nuc. Acid Res., 7, 151 3 

45. - (1979)]. After digestion with EcoRI, the recombinant plasmid containing tiie same lengtii of DNA fragment as that of 
the original EcoRI fragment derived from Mycoplasma qallisepticum was detected by 0.8% low melting agarose elec- 
trophoresis; this plasmid was named pM-81 . 

(6) Genomic Southem hybridization of Mycoplasma gallisepticum using M-81 DNA as a probe 

so 

After 1 Jig of pM81 obtained in (5) described above was digested with EcoRI and Hindlll. the digestion product was 
subjected to 0.6% low melting agarose gel electrophoresis. After the electrophoresis, the gel was immersed in an alkaline 
denaturation solution (0.5 M NaOH, 1.5 M NaCI) for 10 minutes to denature DNA. The gel was then immersed In a 
neutralization solution (3 M sodium acetate, pH 5.5) for 10 minutes for neutralization and then transferred onto a nylon 
55 membrane in 6-fold SSC solution (0.7 M NaCI. 0.07 M sodium citrate. pH 7.5). After air-drying, the nylon membrane 
was baked at 80**C for 2 hours and 4-fold SET (0.6 M NaCI. 0.08 M Tris-HQ. 4 mM EDTA. pH 7.8)-10-fold Denhardt- 
0.1%SDS-0.1%Na4P2P7-50)ig/ml of denatured salmon sperm DNAandpM-81 (M-81 gene is contained in this plasmid) 
labelled in a conventional manner was added tiiereto to perfomi hybridization at es^'C for 1 4 hours. The nylon membrane 
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was overlaid on an X ray f 0 m. It was confirmed by autoradiography that M-81 was hyt>ridized to the about 5.0 Wjp fragment 
of Mycoplasma aallisepticum- 

(7) Qoning of EcoRI and Hindlll-digested fragment of about 5.0 kbp to pUC19 and colony hybridization 

After 4 ^g of the Mycoplasma aalfisepticum DNA obtained in (6) described above was digested with EcoRI and 
Hindlll, the digestion product was subjected to 0.6% low melting agarose gel electrophoresis to recover the fragment of 
about 5.5 kbp. The fragment was ligated with pUC-19 cleaved by digestion with EcoRI and Hindlll using ligase. Com- 
petent Escherichia ooN TG strain was transformed writh the ligation product. The transformants were cultured at 37®C 
for 15 hours in LB agar medium supplemented with 0.003% of 5-bromo-4-chloro-3-indolyl-p-D-galactopyranoside. 0.03 
mM of isopropylthio-p-D-galactopyranoside and 40 \iQ/m\ of ampicillin. White colonies grown on the medium were trans- 
ferred onto a nylon membrane and hybridization was carried out in a manner similar to (2) described above. It was 
confirmed by autoradiography that cloning was effected and this plasmid was named pUM-81 . 

(8) Sequence analysis of pUM-81 insert DNA 

The sequence of about 5.0 top fragment inserted into pUM-81 prepared in (7) above was analyzed by the dideoxy 

method by Sanger et al. 

The restriction enzyme map of the open reading frame (hereinafter abbreviated as ORF) present in this fragment 
is shown in Fig. 1. The nucleotide sequence of this ORF and the amino acid sequence deduced therefrom are shown 
by SEQ ID NO: 1 . The polypeptide deduced from this ORF was named TM-81 polypeptide. 

Example 3 

Construction of recombinant FPV bearing hybrid DNA in which TTM-1 * protein DNA was ligated downstream the signal 
membrane anchor DNA 

(1) Qoning of the synthetic promoter to pUCl8 (see Fig. 4) 

The following synthetic promoters bearing the Hindlll and BamHI restriction enzyme sites at both ends were syn- 
thesized. 

Hindlll 

Sequence No, 22 5' - ACCTTTTTTTTTTTTTTTTTTnCGCATATAAATAATAAATACAATAATTAATTACCC 

Sequence No. 23 3'- aaaaaaaaaaaaaaaaaaaaccctatatttattatttatcttattaattaatccc 

GTAAAAATTCAAAAACTATTCTAATTTATTCCACTCC -3* 
CATTTTTAACTTTTTGATAACATTAAATAACCTCACCCTAC -5' 

BamHI 



This synthetic DNA was ligated with the digestion fragment of PUC18 with Hindlll and BamHI to obtain plasmid 
of about 2.8 kbp named PUC1 8R 

(2) Ligation of a gene encoding HN prcrtein of NDV with the synthetic promoter (see Fig. 4) 

After plasmid XLIII-10H bearing HN gene of NDV was fully digested with Sad. the digestion product was then 
partially digested with Avail. The fragment of about 1800 bp was recovered by 0.8% low melting agarose gel electro- 
phoresis. In order to form the BamHI cleavage site at the Avail site of this fragment, the following DNA was synthesized. 
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BamHI Avail 
Sequence-24 5* - GATCCAGCATG - 3' 

5 

Sequence-25 3* - GTCGTACCTG - 5* 



10 Three of the synthetic DNA. the HN-bearing DNA fragment of about 1800 bp and the fragment containing the 

synthetic promoter recovered by 2.0% low melting agarose gel electrophoresis after full digestion of pUCi 8P with BamHI 
and Sad were ligated by ligase and these three fragments-ligated plasmid was extracted. The resulting plasmid of about 
4.6 kbp was named pNZ87N. 

15 (3) Change of the AtuI cleavage site of pNZ7929-R1 into the EcoRI cleavage site (see Rgs. 3 and 5) 

In order to change the restriction enzyme Alui cleavage site in the 279 nucleotide portion of SEQ ID NO: 14 into 

the EcoRI cleavage site, the following oligonucleotide was synthesized. 

Sequence-26 5'-GGGATTTGGAATTGTATGTCT-3* 
20 After pUTTMl P was digested with Hindlll and Kpnl, the fragment of about 1300 bp and ligated with the fragment obtained 

by digestion of M13mp10 with Hindlll and Kpnl to obtain the single stranded recombinant phage. The oligonucleotide 

described above was annealed to the single stranded recombinant phage to cause the desired mutation by the method 

of Frits Eckstein et al. After the recombinant phage DNA mutant was digested with restriction enzymes HindlK and Kpnl. 

the fragment of about 1300 bp was recovered and ligated with the fragment obtained by digestion of pNZ1729R with 
25 restriction enzymes Hindlll and Kpnl using ligase to obtain plasmid pN27929-R2 (about 10.3 kbp) with the Alul cleavage 

site of pNZ7929-R1 being changed into the EcoRI deavage site. 

(4) Construction of plasmid pNZ2929XM1 for recombinant FPV (see Rg. 6(A) and 6(B)) 

30 Rrstiy pN^7N was fully digested with restriction enzyme Xbal and the deavage site was rendered blunt by Klenow 
fragment. Then EcoRI linker (5'-GGAATTCC-3') was added to and ligated with the digestion product using ligase. The 
plasmid was digested with EcoRI and Hindlll. Thefragmentof about 300bp was recovered by 1.2% low melting agarose 
gel electrophoresis. Next. pNZ7929R2 was digested with restriction enzyme EcoT22l and then partially digested with 
EcoRI. The fragment of about 550 bp which is a part of TTM-1 DNA was recovered by 0.8% low melting agarose gel 

35 electrophoresis. Furthermore. pN27929RI was digested with restridion enzymes EcoT22l and Hindlll and the fragment 
of about 9.4 kbp was recovered by 8% low melting agarose gel electrophoresis. These fragments were ligated by ligase 
and the three fragments-ligated plasmid was extracted. The plasmid of about 10.3 kbp was named pNZ2929XM1 . 

(5) Construction and purification of recombinant FPV fNZ2929XM1 

40 

Construction and purification were carried out In a manner similar to Example 1 (3). The purified virus was named 
fNZ2929-XM1 . By dot blotting hybridization and Southern blot hybridization, the location of each DNA inserted was 
confirmed in fN22929XM1 . 

45 Example 4 

Expression of TTM-1 polypeptide in cells infeded with fNZ7929-R1 and fNZ2929XM1 

In order to confirm that fNZ7929-R1 and fN22929XM1 express TTM-1 polypeptide in infeded cells, immunofluo- 
50 rescent antibody technique using antisera against Mycoplasma gallisepticum S6 was employed. fN7929-R1 and 
f NZ2929XM1 were infeded to CEF and incubation was canried out at 37*>C until plaques appeared. After f ixing with cold 
acetone, chicken antisera (anti-S6) immunized with Mvcoplasma Qalliseoticum S6 strain or Mycoplasma aaliiseptlcum 
S6-infeded chicken sera (S6 infeded) and TTM-1 polypeptide-immunized chicken antisera (anti-TTMG-l) diluted as a 
primary antibody to 100 to 1000-fold were readed. These culture cells were further readed with anti-chicken immu- 
55 noglobulin bound to a fluorescent substance (FITC) and the non-specific readion portion was washed out. Then, micro- 
scopic observation was made under the excited fluorescent wavelength light. With resped to the infeded cells where 
no acetone fixing was performed (namely, unfixed cells), the reactivity was likewise examined. Using FPV-NP strain and 
fN22337 (Japanese Patent Application Laid-Open No. 1-157381) as viruses for control, Newcastle disease virus-immu- 
nized chicken sera (anti-NDV) and SPF chicken sera (SPF) were used in 1000-fold as primary antibody for control. The 
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reactivity Is shown in Table 1 . 



Table 1 



5 


Reactivity of recombinant virus-infected CEF to various antisera 




Infected virus (acetone fixation) 


Reactivity to primary antibody Infected 






anti-S6 


S6 


anti-TTM-1 


anti-NDVSPF 




fNZ2929XM1 
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(acetone-fixed) 


++ 


++ 


++ 


- 


- 




(non-fixed) 
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+ 
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- 


- 




fNZ7929-R1 
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(acetone-fixed) 
(non-fixed) 
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+ 
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- 
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fN22337 














(acetone-fixed) 








+ 
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(non-fixed) 














NP 














(acetone-fixed) 












25 


(non-fixed) 












None 














(acetone-fixed) 














(non-fixed) 












30 


++ : strongly reacted 
-1- : reacted 
± : weaWy reacted 
- : not reacted 



35 



The results reveal that the cells infected with the recombinant viruses f NZ7929-R1 and fNZ2929XM1 of the present 
invention are reactive with anti-S6. S6 infection and anti-TTM-1; and that fNZ7929-R1 are reactive with anti-S6. S6 
infection and anti-TTMG-1 also in non-fixed completed cells. This indicates that f NZ2929XM 1 not only expresses TTMG- 
40 ^ polypeptide in the infected cells but also exhibits TTWI-1 polypeptide on the surfeice of the infected cells. 

Example 5 

Antibody inducing ability of recombinant FPV inoculated to chickens 

45 

After fNZ7929-R1 and fN22929XM1 were cultured in CEF at 37*»C for 48 hours, the procedure of freezing and 
thawing was repeated twice to recover the cell suspension. The cell suspension was adjusted to have a virus titer of 1 06 
pfu/ml and then inoculated to SPF chick (Line M. Nippon Seibutsu Kagaku Kenkyusho) of 7 days old at the right wing 
web in a dose of 1 0 \lI After the inoculation, generation of the pock was observed. Two weeks after the inoculation, sera 

so were collected. The antibody titer of the sera collected was determined by ELISA. The purified TTM-1 polypeptide was 
dissolved in bicarbonate buffer in a concentration of 1 jig/well. After adsorbing to a 96 well microtiter plate, blocking was 
performed with skimmed milk to prevent the following non-specific adsorption. Next, a dilution of tiie sample serum was 
charged in each well and then horse radish peroxide-bound anti-chick immunoglobulin antit)ody (rakibit antibody) was 
added thereto as a secondary antibody. After thoroughly washing. 2.2*-azinocfiethylbenzothia20line sulfonate was added 

55 to the mixture as a sulDStrate and a relative dilution magnification of the antibody was measured with an immuno-reader 
in terms of absortjance at a wavelength of 405 nm. As a primary antibody for control, anti-TTM-1 polypeptide chicken 
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serum was used. The results are shown in Table 2. 



Table 2 



Antibody titer of fNZ2929XM1 -inoculated chick to TTM-1 polypeptide 



5 



Inoculated virus Antibody titer to anti-TTM-1 polypeptide (dilution magnification)' 




fNZ7929-R1 



32 



10 



NP 



1 



1 



anti-TTM-1 polypeptide 



256 



15 



* dilution magnffication when SPF chicken serum dilution is as I 
** not inoculated 



The results reveal that both f NZ2929XM1 and fNZ2929-R1 which are Vne recombinant viruses of the present inven- 
20 tion, can induce anti-TTM-1 polypeptide antibody and can be used as a vaccine for effectively preventing fowlpox and 
Mycoplasma aalliseoticum infections. 

Example 6 

25 Collection of recombinant Avipox virus fNZ7929-67 bearing TM-67 

(1 ) Genomic Southern hybridization of Mycoplasma gallisepticum using TM-67 gene as a probe 

After 1 \LQ of the Mycoplasma aalliseDticum DNA obtained in Reference Example (1) was digested with Xbal, tiie 
30 digestion product was subjected to 0.6% low melting agarose gel electrophoresis. After the electrophoresis, the gel was 
immersaj in an alkaline denaturation solution (0.5 M NaOH. 1 .5 M NaCI) for 10 minutes to denature DNA. The gel was 
then immersed in a neutralization solution (3 M sodium acetate, pH 5.5) for 10 minutes for neutrafization and then 
transferred onto a nylon membrane in 6-fold SSC solution (0.7 M NaCl, 0.07 M sodium citrate, pH 7.5). After air-drying, 
the nylon membrane was baked at 80*»C for 2 hours and 4-fold SET (0.6 M NaCI. 0.08 M Tris-HQ, 4 mM EDTA, pH 7.8)- 
35 lO-fokJ Denhardt-0.1% SDS-0.1% Na4P2O7-50 ng/ml of denatured salmon sperm DNAand pUM-1 (cf. Japanese Patent 
Application Laid-Open No. 2-111 795) labelled in a conventional manner was added thereto to perform hybridization at 
68°C for 1 4 hours. The nylon membrane was overlaid on an X ray film. It was confirmed by autoradiography that hybrid- 
ization occurred to the aboiit 3.4 kbp fragment different from the fragment confirmed in Reference Example 1 (2). 

40 (2) Cloning of the Xbal-digested fragment of about 3.4 Kbp to pUC-19 and analysis of the sequence 

After 4 fig of the Mycoplasma aalliseDticum DNA obtained in Reference Example 1 (1) was digested with restriction 
enzyme Xbal, the digestion product was subjected to 0.6% low melting agarose gel electrophoresis to recover the frag- 
ment of about 3.4 kbp confirmed in Example 6 (1) described above. The fragment was ligated with pUC-1 9 cleaved by 
45 digestion with Xbal using ligase. Competent Escherichia coll TGI strain was transformed with the ligation product. The 
transformants were cultured at 37°C for 15 hours in LB agar medium supplemented with 0.003% of 5-bromo-4-chloro- 
3-indolyl-p-D-galactopyranoside, 0.03 mM of isopropyltiiio-p-D-galactopyranoside and 40 jig/ml of ampidllin. Among the 
transformed E. coH grown on the medium, white colonies were cultured at 37*'C for 15 hours in LB liquid medium sup- 
plemented with 40 jig/ml ampicillin and plasmid was extracted by the method of Birnboim & Ddy. After digestion with 
50 Xbal, the recombinant plasmid containing the same length as that of the Xbal fragment derived from MG was detected 
by 0.8% low melting agarose electrophoresis; this plasmid was named pUM67. 

The about 3.4 kbp fragment inserted into pUM67 was analyzed by the dideoxy method by Sanger et al. 
The restriction enzyme map of the open reading frame (ORF) present in this fragment is shown in Fig. 8 and the 
nucleotide sequence of this ORF and tfie amino acid sequence are shown by SEQ ID NO: 27. The polypeptide deduced 
55 from this ORF was named TM-67 polypeptide. 
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(3) Construction of plasmid pTM67 bearing a modified gene (TGA TGG) not to read TQA in ORF of TM-67 as trans- 
lation termination codon (see Figs. 8 and 9(A)) 

TGA codons were concentrated at the downstream portion in ORF of TM-67. Therefore, the EcoRI and Pstlfragment 
of about 1300 bp containing all TGA codons were recovered from pUM67 and ligated with pUCi 9 digested with EcoRI 
and PstI to c^in PUCT1 (4.0 kbp). Next in order to chan^ TGA to TGG using PUCT1 as a tenrplate according to 
polymerase chain reaction (PGR: Science. 23a 1350-1354 (1985)). primer DNAs for PGR shown by SEQ ID NOS: 28- 
33 were synthesized. 

Primers 1 to 6 c orresponding to SEQ ID NOS: 28-33 ¥vhich were employed for PGR are as follows, 
Prlmer-1 5'-G.TTTTCCCAGTGACGAC-3' (M13 primer) 

Primer-2 3' -AACC:aaCCAACCCGCGATCGCTAGTCT-5 ' 



Nhe I 

P r ixne r - 3 5 ' -TGATTGGGCGCTAGCGATCA- 3 ' 



Nhe I 

Pr imer-4 3 ' -TCCCAACCTTGTTCGAAATACAA-5 ' 



Hindlll 



Pr imer-5 5 ' -TGAAACAAGCTTTATGTTT- 3 • 



Hindlll 



Primer-6 3 -CAGTATGGAGAAAGGAG-5' (M13 RV primer) 

Following the conventional procedures for PGR. the fragment of 600 bp was amplified using Primer-1 and Primer- 
2 and then recovered; the fragment of 360 bp using Prlmer-3 and Primer-4; and the fragment of 340 bp using Prlmer-5 
and Primer-6. In addition, the fragment of 600 bp was digested with EcoRI and Nhel; the fragment of 360 bp was digested 
with Nhe and Hindlll; and the fragment of 340 bp was digested with Hindlll and Pstl. Thereafter each digestion product 
was subjected to 2.0% low melting agarose gel electrophoresis and recovered from the agarose. For cloning of each 
fragment. pUCl9 and pUG18 were digested with Dral ard then Xhol linker was inserted to obtain plasmids pUCl9X 
and pUC18X. The fragment of 600 bp and the fragment of 360 bp treated with the respective restriction enzymes and 
recovered were Ilgated with the digestion product of pUGl9X with EcoRI and Hindlll by ligase. The resulting plasmid 
was extracted and this plasmid was named pUCl9XL (about 3.6 kbp). The 340 bp fragment digested with Hindlll and 
Pstl was ligated with the fragment obtained by digesting pUGl 8 with Hindi II and Pstl. using iigase. The resulting plasmid 
was extracted and named pUClSR (about 3 kbp). The fragment of about 2.5 kbp obtained by digestion of pUCl9XL 
with Hindlll and Xhoi, the fragment of 180 bp obtained by digestion of pUGl 8R with Hindlll and Spel, and the fragment 
of 1 .1 kbp obtained by digestion of pUGl8X with Xbal and Xhol were subjected to agarose gel electrophoresis, respec- 
tively, and then recovered. These fragments were ligated using ligase. The resulting plasmid was extracted and named 
pTM67 (about 3.7 kbp). 

(4) Construction of pN27929-67 (Fig. 9 (B)) 

After pUTTMIP obtained in Example 1 (1) was digested with Spel and KpnI. the digestion product was subjected 
to agarose gel electrophoresis to recover the fragment of 3.9 kbp. In a similar manner, after pTM67 was digested with 
Spel and KpnI. the digestion product was subjected to agarose gel electrophoresis to recover the fragment of 0.9 kbp. 
The thus recovered fragment was ligated with the 3.9 kbp fragment described above using ligase. The resulting plasmid 
PUTM67 (4.8 kbp) was recovered. After this pUTM67 was digged with KpnI, the digestion product was partially digested 
with Hindlll. The product was then subjected to agarose gel electrophoresis to recover the fragment of 2. 1 kbp. The thus 
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recovered fragment was iigated with the 9.0 kbp fragment obtained by digestion of PNZ1729R (cf. Reference Example 
2) with Hindlll and Kpnl, using ligase. The resulting plasmid pNZ7929-67 (11.1 kbp) was recovered. 

(5) Construction of recon^lnant Avipox virus fNZ7929-67 and purification 

The procedures similar to Example 1 (3) were repeated using pNZ7929-67 obtained in (4) described above to obtain 
fNZ7929-67. 

Example 7 

Collection of recombinant Avipox virus fNZ7929-66 bearing TM-66 

(1) Genomic Southern hybridization of Mvcoolasma aalliseoticum using TM-66 gene as a probe 

After 1 Jig of the Mycoplasma gallisepticum DNA obtained in Reference Example (1) was digested with Xbal, the 
digestion product was subjected to 0.6% low melting agarose gel electrophoresis. After the electrophoresis, the gel was 
immersed in an alkaline denaturation solution (0.5 M NaOH, 1.5 M NaCI) for 10 minutes to denature DNA. The gei was 
then immersed in a neutralization solution (3 M sodium acetate, pH 5.5) for 10 minutes for neutralization and then 
transferred onto a nylon membrane in 6-f6ld SSC solution (0.7 M NaCI, 0.07 M sodium citrate, pH 7.5). After air-drying, 
the nylon membrane was baked at 8.0**C for 2 hours and 4-fold SET (0.6 M NaCI, 0.08 M Tris-HCI, 4 mM EDTA, pH 7.8)- 
10-fold Denhardt-0.1% SDS-0.1% Na4P2O7-50 pig/ml of denatured salmon sperm DNA and pUM-1 (cf. Japanese Patent 
Application Laid-Open No. 2-1 1 1 795) labelled in a conventional manner was added thereto to perform hybridization at 
eS'^C for 1 4 hours. The nylon membrane was overlaid on an X ray film. It was confirmed by autoradiography that hybrid- 
ization occurred to the about 6.3 kbp fragment. 

(2) Cloning of the Xbal-digested fragment of about 6.3 kbp to pUC-19 and analysis of the sequence 

After 4 |ig of the Mycoplasma gallisepticum DNA obtained in Reference Example 1(1) was digested with restriction 
enzyme Xbal, the digestion product was subjected to 0.6% low melting agarose gel electrophoresis to recover the frag- 
ment of about 6.3 kbp confirmed in Example 7 (.1) described above. The fragment was Iigated with pUC-1 9 cleaved by 
digestion with Xbal using ligase. Competent Escherichia coli TGH strain was transformed with the ligation product The 
transformants were cultured at 37*C for 15 hours in LB agar medium supplemented with 0.003% of 5-bromo-4-chloro- 
3-indoIyl-p-D-galactopyranoside, 0.03 mM of isopropy!thio-p-D-gaiactopyranoside and 40 ^tg/ml of ampicillin. White col- 
onies grown on the medium were transferred to a nylon membrane and hybridization was carried out in a manner similar 
to (1) described above. Autoradiography reveals that cloning was effected and this plasmid was named pUM66 (about 
9 kbp). 

The about 6.3 kbp fragment inserted into pUM66 was analyzed by the dideoxy method by Sanger et al. 
The restriction enzyme map of ORF present in this fragment is shown in Rg. 10 and the nucleotide sequence of 
this ORF and the amino acid sequence deduced therefrom are shown by SEQ ID NO: 16. 
The polypeptide deduced from this ORF was named TM-66 polypeptide. 

(3) Construction of pTM66 nrKxlif ied (TGA TGG) not to read TGA in ORF encoding TM-66 as translation termination 
codon (see Rgs. 10 and 1 1 (A) through (C)) 

In order to modify the TGA codon in ORF of TM-66 to TGG codon. the change was made using polymerase chain 
reaction (PCR: Science. 230, 1350, 1354 (1985)) as in TM-67. DNA primers for PCR synthesized for the change are 
shown by SEQ ID NOS: 34-43. 
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70 



Primers 1 to 10 corresponding to SEQ ID NOS: 34-43 using PGR are as follows. 
Primer-1 5'-CAGGAAACAGCTATGAC-3' (M13 RV primer) 

Pr imer-2 3 " -GTTCTTCCTGGCAAACTTTA-5 ' 

Avail 

Pr imer-3 5 ' -AAGAAGGACCGTTTGGAATG-3 * 

Avail 



75 



20 



25 



Primer-4 5'-GTnTCGGAGTCACGAG-3* (M13 primer) 

Primer-5 3 • -CAAAGTACCTAAATAT CGAATTCA CCT- 5 ' 

Aflll 

Pr imer-6 5 ' -ATAGCTTAAGTGGAACAAACACG-3 ' 

Aflll 

Primer -7 3 • -GGAACCAGATCTTGTTTCCC-5 ' 

Xbal 



30 



35 



40 



Primer-8 5' -GGTCTAGAACAAAGGGATTGGACA-3 ' 

Xbal 

Pr imer-9 3 * -CTACCTACCATGGTGATGAT-5 • 

Kpnl 

Primer-10 5* -GATGGTACCACTACTATTTCATGGACA- 3 

Kpnl 



45 



50 



55 



pUM66 was digested with Bglll and Spel and the fragment of about 1 .2 Map was recovered from 0.5% low melting 
agarose. The 1 .2 kbp fragment was ligated with the digestion product of pUGl 9 with BamHI and Xbal to obtain pUCT2 
(3.9 kbp). Next, using pUGT2 as a template and using Primer-1 and Primer-2. the fragment of 620 bp was amplified 
following conventional procedures for PGR and then recovered ; after amplification of the fragment of about 550 bp using 
Primer-3 and Primer-4, the amplified fragment was recovered. Furthermore, the fragment of about 620 bp was digested 
with Hindlll and Avail; the fragment of 550 bp was digested with Aval! arxi BamHL These fragments were ligated with 
the digestion product of pUCl 9 with Hindlll and BamHI by llgase. respectively. The resulting plasmid was extracted and 
named pUCl9-1 (3.9 kbp). 

Next, using pUGT2 as a template and using Primer-4 and Primer-6. the fragment of about 500 bp was amplified 
following conventional procedures for PGR and then recovered; after amplification of the fragment of about 700 bp using 
Primer-1 and Primer-5. the amplified fragment was recovered. Furthermore, the fragment of about 500 bp was digested 
with Aflll and EcoRI; the fragment of about 700 bp was digested with Hindlll and Aflll. These fragments were ligated 
with the digestion product of pUGiS with Hindlll and Aflll by llgase. The resulting plasmid was extracted and named 
PUG19-2 (about 3.9 kbp). Furthemiore, pUGl9-1 was digested with EcoRI and the digestion product was subjected to 
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0.6% low melting agarose gel electrophoresis to recover the fragment of about 3.3 ktsp. pUCI 9-2 was also digested with 
EcoRI and the digestion product was subjected to 2.0% low melting agarose gel electrcphoresis to recover the fragment 
of about 550 bp. This fragment was ligated with the about 3.3 kbp fragment derived from pUC19-1 described above 
using ligase to obtain plasmid pUCl9L bearing the fragment in which two TGA oodons at the 5* end in ORF of TM-66 

5 have been changed to TGG. 

In order to change two TGA codons at the 3* end of ORF of TM66 to TGG, firstly pUM66 was digested with EcoRI 
and Pvull and the fragment of about 1 720 bp was recovered from 0.6% low melting agarose gel. The recovered fragment 
was ligated with the digestion product of pUCl9 with EcoRI and Hindi to obtain plasmid pUCT3 (about 4.4 kbp). Using 
pUCT3 as a template and using Primer-4 and Primer-7. the fragment of about 820 bp was amplified following conventional 

70 procedures for PGR and also the fragment of about 900 bp using Primer-8 and Primer-1 was anplif ied likewise, and the 
both fragments were then recovered, respectively. After this 820 bp fragment was digested with EcoRI and Xbal, the 
digestion product was ligated with tfie aforesaid akx)ut 900 bp fragment obtained by digestion with Xbal and HindlH and 
the digestion product of pUCl9 with Hindlll and EcoRI. using ligase to obtain plasmid pUCT4 (about 4.4 kbp). Next, 
using pUCT-4 as a template and also using Primer-4 and Primer-9, the fragment of about 880 bp was amplified following 

IS conventional procedures for PGR and also the fragment of about 900 bp using pUCTS as a primer ard using Primer-1 
and Primer-10 was amplified likewise following the conventional procedures for PGR; and the fragments were then 
recovered, respectively. After this 880 bp fragment was digested with EcoRI and Kpnl, the digestion product was ligated 
with the aforesaid about 850 bp.fragment obtained by digestion with Hindllland Kpnl and the digestion product of pUG 19 
with EcoRI and Hindlll, using ligase to obtain plasmid pUG1 9R. 

20 In order to obtain plasmid in which TGA codons in ORF of TM-66 are all changed to TGG. pUM66 was digested 
with Mlul and Pvull and the fragment of about 4.8 kbp was then recovered from 0.6% low melting agarose gel. The 
recovered fragment was ligated with the about 1 .0 kbp fragment obtained by the digestion of pUGI 9R with Mlul and PstI 
to obtain plasmid. This plasmid was further digested with EcoT22l and Nhel. The resulting fragment of about 5.2 kbp 
was ligated with the fragment of about 640 bp obtained by the digestion of pUGl 9L with EcoT221 and Nhel, using ligase 

25 to obtain plasmid bearing the full length of ORF. in which TGA codons in ORF of TM-66 were all changed to TGG. This 
plasmid was named pTM66 (about 5.8 kbp). 

(4) Gonstruction of pNZ7929-66 (Fig. 12) 

30 After pTM66 was digested with PstI, the digestion product was partially digested with Sspl to recover the fragment 
of about 2.4 kbp. Three of the about 2.4 kt)p fragment, the fragment obtained by the digestion of the synthetic promoter 
in Reference Example with Hindlll and Hindi and the fragment obtained by the digestion of pUGl 8 with Hindlll and PstI 
were ligated using ligase to obtain pUTM66P (about 5.2 kbp). Next, pUTM66P was digested with Hindlll and BamHI 
and the digestion product was recovered from low melting agarose gel. This fragment (about 2.5 kbp) was ligated with 

35 the fragment obtained by the digestion of pNZI 729R with Hindlll and BamHI, using ligase to obtain the desired plasmid 
PNZ7929-66 (about 1 1 .5 kbp). 

(5) Gonstruction of fN27929-66 and purification 

40 The procedures similar to Example 1 (3) were repeated using pNZ7929-66 obtained in (4) described at>ove to obtain 
fNZ7929-66. 

Example 8 

45 Expression of TM-67 and TM-66 polypeptides in cells infected with fN27929-67 and fN27929-66 

In order to examine that fNZ7929-€7 and fNZ7929XM66 express the TM-67 and ™-66 polypeptides in infected 
cells, the immuno-f luorescence antibody method was carried out. fNZ7929-67 and f NZ7929-66 were infected to CEF. 
respectively and cultured at 37«G until plaques appeared. Thereafter the medium was fixed with cold acetone. Using 
so Mycoplasma Qalliseoticum SS-immunized chicken serum or Mycoplasma oallisepticum -infected chicken serum as a 
primary antibody, the medium was diluted to 100- to 1000-fold and the dilution was reacted. These culture cells were 
further reacted with fluorescence {FITC)-bound anti-chick immunoglobulin. After washing out the non-specific reaction 
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portion, miaoscopic observation was made under fluorescence-excited wavelength. The reactivity is shown in Table 3. 



Tatde3 



5 


Reactivity of recombinant virus-infected CEF to various antisera 




Infected virus 


Reactivity to primary antibody infected 






anti-S6 


S6 


SPF 




fNZ7929-67 




+++ 




10 


fNZ7929-66 

fNZ2929XM1 

NP 


+++ 
++ 


++ 




15 


+++ : strongly reacted over the entire surface 

++ : strongly reacted 

+ : reacted 

± : weakly reacted 

* : not reacted 



20 



The results reveal that fNZ7929-67. fNZ7929^6 and fNZ2929XM1 which are the recombinant viruses of the present 
invention were reactive with anti-S6 and S6 infection that are reactive u*rith the infected cells alone. 

25 Example 9 

Activity of inhibiting the growth of an induced antibody of recombinant FPV-inoculated chick 

After f NZ7929-67 and fNZ7929-66 were cultured in CEF at 37*C for 48 hours, the procedure of freezing and tiiawing 
30 was repeated twice to recover the cell suspension. The cell suspension was adjusted to have a virus titer of 10^ pfu/ml 
and tiien inoculated through a stab needle to SPF chicken (Line M, Nippon Seibutsu Kagaku Kenkyusho) of 7 days old 
at the right wing web in a dose of 1 0 \il After the inoculation, generation of the pock was observed. Two weeks after the 
inoculation, sera were collected. 

On the other hand, MygQplagma qallisepticum S6 was inoculated on PPLO liquid medium (modified Chanock's 
35 medium) in a 10% concentration. After incubation at 37*'C for 3 days, the cell mass was removed through a membrane 
filter of 0.45 ^m. Thef iltrate was diluted with PPLO liquid medium in a cell count of 103 CPU/ml and the resulting dilution 
was provided as the cell solution for determination of activity 

The cell solution was put in a polypropylene tube by 400 nl each and 1 00 jil each of standard chick serum. TMG-1 
, immunized serum (Japanese Patent Application LakJ-Open No. 2-1 1 1 795) and various sera were added thereto, respec- 
40 tively By incubation at 37**C for 2 to 5 days, growth inhibition test was conducted. 

On Days 0. 1, 2, 3 and 4 after the incubation, 10 ^1 each was collected from the culture broth for Mycoplasma 
Qallisepticum (hereinafter attoreviated as MG) growth inhibition test and spread over PPLO agar medium followed by 
incubation at 37*C for 7 days. The corresponding cell count in the culture broth was deduced from the number of colonies 
appeared. The results of measuring the cell count on Day 3 are shown in Table 4. 

j45 

Table 4 





Sample 


Cell Count on Day 3 




SPF chicken sera 


1.3x108 


so 


anti-TTMG-1 chicken sera 


1.8x105 




fNZ2929XMI-inoculated chicken sera 


4.5 X 105 




fNZ7929-67-inoculated chicken sera 


2.8 X 104 


55 


fNZ7929-66-inoculated chicken sera 


3.2 X 10^ 



In the culture brotii of the medium in which SPF chick sera or equine sera were supplemented, there was no differ- 
ence in growth rate of MG and the cell count reached saturation on Day 3 of tiie incut^tion. In tiie culture broth in which 
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fNZ7929-67- or fNZ7929-66- inoculated sera were added, the growth of MG was more effectively inhibited than the case 
of fNZ2^9XM1 or than the case of immunizing an antigen Inducing an antitxxJy for inhibiting the growth of MG as in 
anti-TTMG-1 chick sera. This fact indicates that TM67 polypeptide and TM66 polypeptide are antigens capable of induc- 
ing antibodies which can inhibit the growth of MG more effectively than in TTMG-1. 

Example 10 

Obtaining of polypeptide DNA TM-16 in which Mycoplasma aalliseoticum is expressed 

(1) Preparation of Mypppl^sma Qallisepticum genomic DNA 

Mycoplasma aaliisepticum S6 strain was incubated at SJ'^C for 3 to 5 days in liquid medium prepared by adding to 
10 ml of PPLO broth basal medium 20% equine sera, 5% yeast extract, 1% glucose and a trace amount of Phenol Red 
as a pH indicator. As Mypgplagma qallisepticum grew, the pH of the culture medium decreased. At the time when the 
color of the pH indicator contained in the medium was changed from red to yellow, the incubation was terminated. After 
the culture medium was centrifuged at 8000G for 20 minutes, the cells were collected. The cells were suspended in 
PBS in a 1/10 volume of the medium. The suspension was again centrifuged at 10.000 rpm for 20 minutes and the cells 
were then collected. The collected cells were again suspended in 2.7 ml of PBS. After SDS was added to the suspension 
in a concentration of 1% and further 10 ^g of RNase was added thereto, incubation was performed at 37*»G for 30 minutes 
for lysis. 

The lysate was extracted 3 times with an equal volume of phenol and then 3 times with ethyl ether. By ethanol 
precipitation. 200 ^g of Mycoplasma qallisepticum genomic DNA was obtained. 

(2) Genomic Southem hybridization of Mvcopiasma qallisepticum using M-16 DNA gene as a probe 

After 1 of the MycoPlaSTO qallisepticum DNA obtained in (1 ) described above was digested with Xbal. the diges- 
tion product was subjected to 0.6% low melting agarose gel electrophoresis. After the electrophoresis, the gel was 
immersed in an alkaline denaturation solution (0.5 M NaOH. 1 .5 M NaCI) for 1 0 minutes to denature DNA. The gel was 
then immersed in a neutralization solution (3 M sodium acetate. pH 5.5) for 10 minutes for neutralization and then 
transferred onto a nylon membrane in 6-fold SSC solution (0.7 M NaCI, 0.07 M sodium citrate. pH 7.5). After air-drying, 
the nylon membrane was baked at 80**C for 2 hours and 4-fold SET (0.6 M NaCI. 0.08 M Tris-HGI. 4 mM EDTA. pH 7.8)- 
10-fold Denhardt-0.1% SDS-0.1% Na4P2O7-50 jig/ml of denatured salmon sperm DNA and pUM-16 {M-16 gene is 
contained in this plasmid; cf. Japanese Patent Application Laid-Open No. 2-1 1 1795) labelled in a conventional manner 
was added tiiereto to perform hybridization at 68*C for 14 hours. The nylon membrane was overlaid on an X ray film. It 
was confirmed by autoradiography that hybridization occurred to the about 5.5 kbp fragment 

(3) Cloning of XbaWigested fragment of about 5.5 kbp to pUC-19 and cotony hybridization 

After 4 fig of the Mycoplasma qallisepticum DNA ot>tained in (1 ) described above was digested with Xbal. the diges- 
tion product was subjected to 0.6% tow melting agarose gel electrophoresis to recover the fragment of about 5,5 kbp. 
The fragment was ligated with the digestion product of pUC-19 with Xbal using ligase. Competent Escherichia coli TGI 
strain was transformed with the ligation product The transformants were cultured at 37*C for 1 5 hours in LB agar medium 
supplemented with 0.003% of 5-bromo-4-chloro-3-indolyl-p-D-galactopyranoside, 0.03 mM of isopropylthio-p-D-galact- 
opyranoside and 40 jig/ml of ampiciliin. White colonies grown on the medium were b-ansfenred onto a nylon membrane 
and hybridization was carried out in a manner similar to (2) described above. It was confirmed by autoradiography that 
cloning was effected and this plasmid was named pUM16. 

(8) Sequence analysis of pUM-ie insert DNA 

The sequence of about 5.5 kbp fragment inserted into pUM-16 prepared in (3) described above was analyzed by 
the dideoxy method by Sanger et al. (Proc. Natl. Acad. Sci. USA. 74. 5463 (1977)). 

The restriction enzyme map of tiiis fragment is shown in Fig. 13. The restriction enzyme map of the open reading 
frame present in this fragment is also shown in Rg. 14 and tfie nucleotide sequence of tfiis ORF and the amino acid 
sequence deduced therefrom are shown by SEQ ID NO: 15. The polypeptide deduced from this ORF was named TM- 
16 polypeptide. 

Hereinafter the sequences employed in the present invention are described as sequence listing. The sequences 
used for ttie primers are described basically from tiie 3' end. However, tine primers depicted from the 5' end in tiie body 
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of the specification are described from the 5' end to conform to the description. 

SEQUENCE LISTING 
(1) General information: 

(i) Applicant: USA 

KATSUHIKO NAKANO 
SHUJI SAITO 
SETSUKO OKAWA 
YOSHIHIKO SHIONO 
KOICHI IRITANI 
SHIGEMI AOYAMA 
KIYOTO TAKAHASHI 
SAKIKO SAEKI 
IKUROU OSAWA 
HIRONO FUNATO 
Designated countries other than USA 
NIPPON ZEON CO.,. LTD. 
SHIONOGI PHARMACEUTICAL CO. , LTD, 

(ii) Title of Invention: 

NEW POLYPEPTIDE, DNA ENCODING THE POLYPEPTIDE, 
RECOMBINANT VECTOR BEARING THE DNA AND 
RECOMBINANT VIRUS UTILIZING THE RECOMBINANT 
VECTOR AS WELL AS USE THEREOF 

(iii) Niimber of sequences: 43 

(2) Information for SEQ ID NO. 1 
(i) Sequence characteristics: 

(A) Length of sequence: 2369 

(B) Type of sequence: amino acid 

(C) Number of strand: double strand 

(D) Topology: linear 

(E) Kind of sequence: DNA 
(xi) Sequence description: SEQ ID NO: 1 
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GTCTGGGGTT GCTTTCATCA CCGAAAATAA ACCCCATTTA TTACTTACTG AACTTTATAT 60 

ATTCTITACA TAATAATAGA CXnCCTGAAC GTAAGTTATT CCCTTAACTT TAACTGAAAA 120 

C/\AAA/V\CAT TTTyXAACTTT GTTAGTTTAT TAGGTATTGT TTCCnTCTA ATC TTA 176 

Met Leu 



CCA CCT CCT ACT TCT ACT TCA CCA GOT ACA CCA ACT CCA AAC CCT GAA 224 
Ala Ala Ala Ser Cys Thr Ser Ala Ala Thr Pro Thr Pro Asn Pro Glu 
'5 5 10 15 

CCA AAA CCA ACT CCA AAC CCT GAA CCA AAA CCA GAT CCA ATG CCA AAC 272 
Pro Lys Pro Thr Pro Asn Pro Glu Pro Lys Pro Asp Pro Met Pro Asn 

20 25 30 

CCT CCT ACT CCT GCT AAC ATG AAT CCT GGA AAC ACC AAC CCA ACT GAT 320 
Pro Pro Ser Gly Gly Asn Met Asn Gly Gly Asn Thr Asn Pro Ser Asp 
35 40 45 50 

CGG CAA GGC ATG ATC AAT CCA GCT GCT AAA GAA TTA GCA GAC CCA AAA 368 
Gly Gin Gly Met Met Asn Ala Ala Ala Lys Glu Leu Ala Asp Ala Lys 

55 60 65 

GCT GCT TTA ACT ACT TTG ATT AAT GCT GAA ACT GCA AAT CTT GCG TCA 416 
Ala Ala Leu Thr Thr Leu lie Asn Gly Glu Thr Ala Asn Leu Ala Ser 

70 75 80 \ 

^ TAT GAA GAC TAT GCT AAC ATC AAA ACT GAA TTA ACA TCA GCG TAT CAA 464 

Tyr Glu Asp Tyr Ala Lys lie Lys Ser Glu Leu Thr Ser Ala Tyr Glu 

85 90 95 

ACA GCT AAA GCA GTT TCA GCT AAA ACT GCT GCA ACT CTA AAT GAG GTT 512 
Tlir Ala Lys Ala Val Ser Ala Lys Thr Gly Ala Thr Leu Asn Glu Val 

100 105 no 

45 . 



50 



55 
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AAT GAG CCA AAA ACT ACA TTA GAT GCT GCT ATT AAA AAA GOT CCT ACT 560 

Asn Clu Ala Lys Thr Thr Leu Asp Ala Ala He Lys Lys Ala Ala Ser 

115 120 125 130 

CCT AAC AAT CAT TTT CAT CCA CAC CAC CCC TCA OTA GTC GAA CCA TAT 608 

Ala Lys Asn Asp Phe Asp Ala Gin His Gly Ser Leu Val Clu Ala Tyr 

135 140 145 

AAC AAT CTA AAA GAA ACC TTA A.AA GAA GAA AAA ACT AAT TO CAT TCT 656 
Asn Asn Leu Lys Glu Thr Leu Lys Clu Clu Lys Thr Asn Leu Asp Ser 

150 155 160 

CTT CCA AAC GAA AAT TAT CCA CCA ATC ACA ACT AAT CTT AAT ACT TO 704 
Leu Ala Asn Glu Asn Tyr Ala Ala He Arg Thr Asn Leu Asn Ser Leu 

165 170 175 

TAT GAA AAA GCC AAT ACT ATT CTT ACA CCT ACT TTA CAC CCT GCT ACT 752 
Tyr Glu Lys Ala Asn Thr lie Val Thr Ala Thr Leu Asp Pro Ala Thr 

180 185 190 

CCA AAT ATT CCT GAA GTT ATG ACT GTA ACA CAA GCT AAT CAA CAT ATT 800 
Gly Asn lie Pro Glu Val Met Ser Val Thr Cln Ala Asn Cln Asp He 
195 200 205 210 

ACT AAT GCA ACT TCA ACA CTA ATA GCT TGA AAA CAA AAT CCT GAT AAT 848 
Thr Asn Ala Thr Ser Arg Leu He Ala Trp Lys Cln Asn Ala Asp Asn 

215 220 225 

m GCT AAC ACT TTT ATC AAA CAC TCT TO GTT AAA AAT AAT TTC ACT 896 
Leu Ala Asn Ser Phe He Lys Cln Ser Leu Val Lys Asn Asn Leu Thr 

230 235 240 

ACA GTT GAT CTA GCA AAT AAT CAG GAG CAA CCA GCA AAT TAG ACT TTT 944 
Arg Va! Asp Val Ala Asn Asn Cln Glu Cln Pro Ala Asn Tyr Ser Phe 

245 250 255 

GTT OCT TTT ACT GTT AAT GTT GAT ACT CCT AAC TCA AAT TTT CCC CAA 992 
Val Gly Phe Scr Val Asn Val Asp Thr Pro Asn Trp Asn Phe Ala Cln 
2G0 265 270 
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ACA A.AA err TGC CCC TCT GAA AAT ACT CCT TTA CCA ACT ACA CCA CCT 1040 

Arg Lys Val Trp Ala Ser Glu Asn Thr Pro Leu Ala Thr Thr Pro Ala 

275 280 285 290 

GAA GAT CCA ACA CAA CAA GCT GCA TCC TTA ACA GAT GTT TCA TCA ATC 1088 

Glu Asp Ala Thr Gin Gin Ala Ala Ser Leu Thr Asp Val Ser Trp lie 

295 300 305 

TAT ACT TTA AAT CCT GCT GAA GCT AAA TAC ACA TTA AGC TTT CGT TAC 1136 
Tyr Ser Leu Asn Gly Ala Glu Ala Lys Tyr Thr Leu Ser Phe Arg Tyr 

310 315 320 

TTT GCA CCT CAA AAA ACA GCT TAC TTA TAT TTC CCT TAT AAA TTA CTT 1 184 
Plie Gly Ala Glu Lys Thr Ala Tyr Leu Tyr Phe Pro Tyr Lys Leu Val 

325 330 335 

A,AA ACT ACT GAT AAT GTT CGT TTA CAA TAT AAG TTA AAT GGT GCT GAT 1232 
Lys Thr Ser Asp Asn Val Gly Leu Gin Tyr Lys Leu Asn Gly Gly Asp 

340 345 350 

ACT AAA CAA ATT AAC TTT GTA CAA ACT CCA GCT TCT GGT TCA ACT GAT 1280 
Thr Lys Gin lie Asn Phe Val Gin Thr Pro Ala Ser Gly Ser Ser Asp ' 
355 360 365 370 

GTT GCT CCT AAT GAA CAA GAA ACT ATG GCT ACT CCT CCT GAA ATC CAG 1328 
Val Ala Ala Asn Glu Glu Glu Thr Met Ala Ser Pro Ala Glu Ifet Gin 

375 380 385 

TCA GCA CCA ACT CTT Asp Asp He Lys fie Ala Lys Val Ala Leu Ser 1376 
Ser Ala Pro Thr Val CAC GAT ATT AAG ATT GCT AAA CTC GCT TTA TCT 

390 395 400 

AAT CTA AAA TTC AAT TCA AAC ACA ATT GAA TTT ACT GTC CCT ACA GCT 1424 
Asn Leu Lys Phe Asn Ser Asn Thr He Glu Phe Ser Val Pro Thr Gly 

405 410 415 

AAA GCA GCT CCT ATG ATT GCA AAT ATC TAT TTA ACT TCA TCT AAT TCG 14TO 
Lys Ala Ala Pro Met He Gly Asn Met Tyr Leu Thr Ser Ser Asn Ser 
420 425 430 



55 



24 

BNSCXXIO: <EP .0692532A1 J_> 



EP0692532 A1 



10 



15 



20 



25 



30 



35 



40 



45 



SO 



CAA err MT AAA AAC AAA ATT TAT GAT GAT CTA TTC GGC AAC AGO TTT 1520 

Clu Val Asn Lys Asn Lys He Tyr Asp Asp Leu Phe Gly Asn Ser Phe 

4S3 440 445 450 

AAT AAT GAA AAT AAT CCA ACQ GCG GTT ACT CTT GAC CTA TTA AAA CCT 1568 

Asn Asn Glu Asn Asn Pro Thr Ala Val Thr Val Asp Leu Leu Lys Gly 

* 455 460 465 

TAT ACT CTT GCT GCT ACT TAC ACT ATA TAT GTT CGC CAA TTC AAT GAT 1616 
Tyr Ser Leu Ala Ala Ser Tyr Ser He Tyr Val Arg Gin Phe Asn Asp 

470 475 480 

TTA AAT ATT CAA AAT GGC ACT CAT ATG GCA AGA TCT CGA ACA GTA TAC 1664 
Leu Asn lie Gin Asn Gly Thr Asp Met Ala Arg Ser Arg Thr Val Tyr 

485 490 495 

TTA GTT GGC TTA ATT GGT ACT AAT GCA ACT AGA TCA ATT ACC AAC CTA 1712 
Leu Val Gly Leu lie Gly Ser Asn Ala Ser Arg Ser lie Arg Asn Leu 

500 505 510 

TCA AAT GTA AGA ACT TCT CCT AAC ACC GTT ACT ACC AAT AGA ACA TTT 1760 
Ser Asn Val Arg Thr Ser Pro Asn Thr Val Ser Thr Asn Arg Thr Phe 
515 520 525 530 

ACA ATA TAT GTA AAT CCT CCA AAG TCA GGT GAT TAT TAT CTA ACT GGT 1808 
Thr He Tyr Val Asn Ala Pro Lys Ser Gly Asp Tyr Tyr Leu Ser Cly 

535 540 545 

TCG TAT CTT ACA AAT CAA AAT AGA AAT ATT AAA TTC TTA AAT AGC AGC 1856 
Ser Tyr Leu Thr Asn Gin Asn Arg Asn He Lys Phe Leu Asn Ser Ser 

550 555 560 

TCT GAT CAG ACT ACT ACT AAT TCT CTA ACA CTA AAT CTT AAG CCT CAA 1904 
Ser Asp Gin Thr Ser Ser Asn Ser Leu Thr Leu Asn Val Lys Ala Gin 

565 570 575 

ACA AAT TGA-GAG ACT TTA CGA AAT TTC GAT ACA TCT AAT AAT ACG AAT 1952 
Tlir Asn Trp Glu Thr Leu Gly Asn Phe Asp Thr Ser Asn Asn Thr Asn 
580 585 590 
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ATT CTT ACT AAT ACT GGA TCA AGC ACA ACA ACA CCC CGC ACT TTA AAT 2000 

lie Val Thr Asn Ser Cly Ser Ser Thr Thr Thr Gly Arg Thr Leu Asn. 

595 600 605 610 

TTA AAA CAA GGA TTA AAC AAA ATT CTT ATC ACT GGA GTA GGT AAT GGT 2048 

Leu Lys Gin Gly Leu Asn Lys lie Val He Ser Gly Val Cly Asn Cly 

615 G20 625 

AAT ACT CCT TTC ATA GGT AAC "TA ACA TTT ACT TTG ATC GAT AAA ACA 2096 
Asn Tlir Pro Phe lie Cly Asn Leu Thr Phe Thr Leu Met Asp Lys Thr 

630 635 640 

GCT ACT CCT GTA GTT GAT GAC ACT ATT TTA GAA GGA TCT ATA GAA GCT 2144 
Ala Ser Pro Val Val Asp Asp Thr lie Leu Glu Gly Ser lie Glu Ala 

645 650 655 

GGT TCA AAA TAA AAAATTATCT TTmTAAAT CTITTTTCAA GGATCATCTT 2196 
Gly Ser Lys *** 
660 

TCTGTTTAAA CGCTAACTTA GTTAGATAAT-AAAATAAAAG TTATTIGTTT TACTCCATGT 2256 
AATATCGCAT CAAATCTCAA TCAAACTTCA GATTTCATCT ■ITlTl l lATT AAGGAAGCAA 2316 
ATATGAGATA CTAGCAGCCT TTTGTCTACT ATACTTATGA TCGAACTAGA TCT 2369 
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(2) Information for SEQ ID NO. 2 

(1) Sequence characteristics: 

(A) Length of sequence: 48 

(B) Type of sequence: nucleic acid 

(C) Number of strand: single 

(D) Topology: linear 

(E) Kind of sequence: other nucleic acid 

synthetic DNA 
(xi) Indication of sequence: SEQ ID NO: 2 

GATCTTCCAT TTTAGGATCT ATATTATTTT TTCAACGATC CGAGCTCG 

(2) Information for SEQ ID NO. 3 

(1) Sequence characteristics: 

(A) Length of sequence: 48 

(B) Type of sequence: nucleic acid 
(C} Number of strand: single 

(D) Topology: linear 

(E) Kind of sequence: other nucleic acid 

synthetic DNA 
(xi) Indication of sequence: SEQ ID NO: 3 

GATCTTCCAT TTTAGGATCT ATATTAnTT TTCAACGATC CGAGCTCG 

(2) Information for SEQ ID NO. 4 
(i) Sequence characteristics: 

(A) Length of sequence: 55 

(B) Type of sequence: nucleic acid 

(C) Number of strand: single 

(D) Topology: linear 
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(E) Kind of sequence: other nucleic acid, 

synthetic DNA 
(xi) Indication of sequence: SEQ ID NO: 4 

ACCTTTTTTT nmHTTT TTTGGCATAT AAATAATAAA TACAATAATT AATTA 55 



(2) Information for SEQ ID NO. 5 

(1) Sequence characteristics: 

(A) Length of sequence: 55 

(B) Type of sequence: nucleic acid 
20 (C) Number of strand: single 

(D) Topology: linear 

(E) Kind of sequence: other nucleic acid, 

synthetic DNA 
(xi) Indication of sequence: SEQ ID NO: 5 

3^ CCCCTAATTA ATTAnCTAT TTATTATTTA TATCCCAAAA AAAAAAAAAA AAAAA 55 

(2) Information for SEQ ID NO. 6 
(i) Sequence characteristics: 

35 

(A) Length of sequence: 40 

(B) Type of sequence: nucleic acid 
40 (C) Number of strand: single 

(D) Topology: linear 

(E) Kind of sequence: other nucleic acid, 

synthetic DNA 

(xi) Indication of sequence: SEQ ID NO: 6 



so 



CGCGTAAAAA TTGAAAAACT. ATTCTAATTT ATTGCACTCG '40 
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(2) Information for SEQ ID NO. 7 
(i) Sequence characteristics: 

(A) Length of sequence: 40 

(B) Type of sequence: nucleic acid 

(C) Number of strand: single 

(D) Topology: linear 

(E) Kind of sequence: other nucleic acid, 

synthetic DNA 
(xi) Indication of sequence: SEQ ID NO: 7 

CATCCGACTG CAATAAATTA. GAATAGTTTT TCAATTTTTA 40 



(2) Information for SEQ ID NO. 8 
(i) Sequence characteristics: 

(A) Length of sequence: 42 

(B) Type of sequence: nucleic acid 

(C) Number of strand: single 

(D) Topology: linear 

35 (E) Kind of sequence: other nucleic acid, 

synthetic DNA 
(xi) Indication of sequence: SEQ ID NO: 8 



GATCCCCGGG CGAGCTCGCT AGCCGGCCCG CATGCGGTAC CG . 42 

(2) Information for SEQ ID NO. 9 
(i) Sequence characteristics: 

(A) Length of sequence: 42 

(B) Type of sequence: nucleic acid 

(C) Number of strand: single 

(D) Topology: linear 



29 
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(E) Kind of sequence: other nucleic acid, 

synthetic DNA 
(xi) Indication of sequence: SEQ ZD NO: 9 

TCCACGGATC CGCATGCGGG CCCGCTAGCG AGCTCGCCCG GG 

(2) Information for SEQ ID NO. 10 

(1) Sequence characteristics: 

(A) Length of sequence: 39 

(B) Type of sequence: nucleic acid 

(C) Number of strand: single 

(D) Topology: linear 

(E) Kind of sequence: other nucleic acid, 

synthetic DNA 
(xi) Indication of sequence: SEQ ID NO: 10 

TCGACCCGGT ACATTTTTAT AAAAATGTAC CCGGGGATC 

(2) Information for SEQ ID NO. 11 
(i) Sequence characteristics: 

(A) Length of sequence: 35 

(B) Type of sequence: nucleic acid 

(C) Number of strand: single 

(D) Topology: linear 

(E) Kind of sequence: other nucleic acid, 

synthetic DNA 
(xi) Indication of sequence: SEQ ID NO: 11 

GATCCCCGGG TACATTTTTA TAAAAATGTA . CCGGG 



.0692532A1.L> 



30 



EP0 692 532 A1 



(2) Information for SEQ ID NO. 12 

(1) Sequence characteristics: 

(A) Length of sequence: 14 

(B) Type of sequence: nucleic acid 

(C) Number of strand: single 

(D) Topology: linear 

IE) Kind of sequence: other nucleic acid, 

synthetic DNA 
(xi) Indication of sequence: SEQ ID NO: 12 

ATTTTTATAA AAAT 

(2) Information for SEQ ID NO. 13 
(i) Sequence characteristics: 

(A) Length of sequence: 66 

(B) Type of sequence: amino acid 

(C) Number of strand: single 

(D) Topology: linear 

(E) Kind of sequence: DNA 

(xi) Indication of sequence: SEQ ID NO: 13 

ATC GCG ATC CTA CTT TTA ACA CTA CTG ACC TTA GCC ATC TCT GCA GCC 
[le Ala He Leu Leu Leu Thr Val Val Thr Leu Ala lie Ser Ala Ala 

5 10 15 

GCC CTT CCA TAT ACT ATC 

Ala Leu Ala Tyr Ser Met - ' 

20 
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(2) Information for SEQ ID NO. 14 

5 

(i) Sequence characteristics; 

(A) Length of sequence: 1387 
w (B) Type of sequence: amino acid 

(C) Number of strand: double 

(D) Topology: linear 

15 

(E) Kind of sequence: DNA 

(xi) Indication of sequence: SEQ ID NO: 14 

20 



25 
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45 
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AAAAACATCA CATTCTTAAT CTGATATCTT TGCTTAAAAA AACACAAAAT CTTCTAACAA 60 

AATCCTAAAT AAATAAGCCG TTAAATTAAC TAAAAAATTA AAAAAATCCT TTTTCTTATC 120 

AACCAAAATT CTCTAGTAAT AAACCCTTAT TTATmTAT TnTAGTCAT CmTAACAT 180 

ATAAATATAT CTTAATATTC T ATC AAT AAG AAA AGA ATC ATC TTA AAG ACT 231 

Met Asn Lys Lys Arg He He Leu Lys Thr 
5 10 

ATT ACT TO TO ACA ACA TCC TTT CTT AGC ATT go; ATT 279 
[\e Ser Leu Leu Gly Thr Thr Ser Phe Leu Ser lie Cly He Ser Ser 
15 20 25 

20 TGT ATC TCT ATT ACT AAA AAA GAC GCA AAC CCA AAT AAT CGC CAA ACC 375 

Cys Met Ser lie Thr Lys Lys Asp Ala Asn Pro Asn Asn Gly Gin Thr 
30 35 40 



15 



25 



30 



35 



40 



CAA TO CAA GCA GCC CGA ATC GAG TO ACT GAT CTA ATC AAT GCT AAA 327 
Cln Leu Gin Ala Ala Arg Met Clu Leu Thr Asp Leu lie Asn Ala Lys 
45 50 55 

GCA AGG ACA TO GCT TCA CTA CAA GAC TAT GCT AAG ATT GAA GCT AGT 423 
Ala Arg Tlir Leu Ala Ser Leu Gin Asp Tyr Ala Lys He Glu Ala Ser 

60 65 70 

TO TCA TCT GCT TAT AGT GAA GCT GAA ACA CTT AAC AAT AAC CTT AAT 471 
Uu Ser Ser Ala Tyr Ser Glu Ala Clu Thr Val Asn Asn Asn Leu Asn 
75 80 85 90 



CCA ACA CTA GAA CAA CTA AAA ATG GCT AAA ACT AAT TO GAA TCA GCC 519 
Ala Tlir Leu Clu Gin Leu Lys Met Ala Lys Thr Asn Leu Glu Ser Aia 
95 100 105 

so ATC AAC CAA GCT AAT ACG CAT AAA ACC ACT TTT CAT AAT GAA CAT CCA 567 

He Asn Cln Ala Asn Thr Asp Lys Thr Thr Phe Asp Asn Glu His Pro 
no 115 120 

55 
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AAT TTA CTT CAA CCA TAC AAA CCA CTA AAA ACC ACT TTA CAA CAA CCT 
Asn Leu Val Glu Ala Tyr Lys Ala Leu Lys Thr Thr Leu Glu Gin Arg 
125 130 135 



615 



10 



CCT ACT AAC CTT GAA GGT TTA OCT TCA ACT CCT TAT AAT GAG ATT CCT 
Ala Thr Asn Leu Glu Gly Leu Ala Ser Thr Ala Tyr Asn Gin He Arg 
140 145 150 



663 



75 



20 



25 



30 



35 



AAT AAT TTA CTG GAT CTA TAC AAT AAT GCT ACT ACT TTA ATA ACT AAA 711 
Asn Asn Leu Val Asp Leu Tyr Asn Asn Ala Ser Ser Leu lie Thr Lys 
155 160 165 170 

ACA CTA CAT CCA CTA AAT CGC GGA ATC CTT TTA CAT TCT AAT GAG ATT 759 
Tlir Leu Asp Pro Leu Asn Gly Gly Met Leu Leu Asp Ser Asn Glu lie 
175 lao 185 

ACT ACA GTT AAT CGG AAT ATT AAT AAT ACG TTA TCA ACT ATT AAT GAA 807 
Thr Thr Val Asn Arg Asn lie Asn Asn Thr Leu Ser Thr lie Asn Glu 
190 195 200 

CAA AAG ACT AAT CCT GAT GCA TTA TCT AAT ACT TIT ATT AAA AAA GTC 855 
Gin Lys Tlir Asn Ala Asp Ala Leu Ser Asn Ser Phe lie Lys Lys Val 
205 210 215 



40 



ATT CAA AAT AAT GAA CAA ACT TTT CTA GCG ACT TTT ACA AAC GCT AAT 
He Gin Asn Asn Glu Gin Ser Phe Val Gly Thr Phe Thr Asn Ala Asn 
220 225 230 



903 



45 



CTT CAA CCT TCA AAC TAC ACT TTT GTT GCT TTT ACT GCT CAT GTA ACA 
Val Gin Pro Ser Asn Tyr Ser Phe Val Ala Phe Ser Ala Asp Val Thr 
235 240 245 250 



951 



so 



55 



CCC GTC AAT TAT AAA TAT CCA ACA AGC ACC CTT NW AAT GGT GAT CAA 
Pro Val Asn Tyr Lys Tyr Ala Arg Arg Thr Val Xaa Asn Gly Asp Glu 
255 260 265 
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CCT TCA ACT ACA ATT CTT GCA AAC ACG AAT ACT ATC ACA GAT CTT TCT 1047 
Pro Ser Ser Arg lie Leu Ala Asn Thr Asn Ser lie Thr Asp Val Ser 
270 275 280 



Xaa ATT TAT ACT TTA OCT GCA ACA AAC ACG AAG TAC CAA ITT ACT TIT 1095 
tm He Tyr Ser Leu Ala Gly Thr Asn Thr Lys Tyr Gin Phe Ser Phe 
285 290 295 

AGO AAC TAT GGT CCA TCA ACT COT TAT TTA TAT TTC CCT TAT AAG TIC 1143 
Ser Asn Tyr Gly Pro Ser Thr Gly Tyr Leu Tyr Phe Pro Tyr Lys Leu 
300 305 310 

GTT AAA GCA CCT GAT GCT AAT AAC GTT GGA TTA CAA TAC AAA TTA AAT 1191 
Val Lys Ala Ala Asp Ala Asn Asn Val Gly Leu Gin Tyr Lys Leu Asn 
315 320 325 330 

AAT GGA AAT GTT CAA CAA GTT GAG TIT GCC ACT TCA ACT AGT GCA AAT 1239 
Asn Gly Asn Val Gin Gin Val Clu Phe Ala Thr Ser Thr Ser Ala Asn 
335 340 345 

AAT ACT ACA GCT AAT CCA ACT CAG CAG TTC ATC AGA TTA AAG TTC CTA 1287 
Asn Tlir Thr Ala Asn Pro Thr Gin Gin Leu Met Arg Leu Lys Leu Leu 
350 355 . 360 

AAA TCC TTT TAT CAG GTT TAA GATTTGGCCA AAACACAATC GAATTAAGTC 1338 
Lys Ser Phe Tyr Gin Val *** 
365 

TTCCAACCGG TGAAGGAAAT ATGAATAAAG TTGCCCCAAT GATTCGCAA 1387 
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(2) Information for SEQ ID NO. 15 
(i) Sequence characteristics: 

(A) Length of sequence: 1945 

(B) Type of sequence: amino acid 

(C) Number of strand: double 

(D) Topology: linear 

(E) Kind of sequence: DNA 

(xi) Indication of sequence: SEQ ID NO: 15 



36 



EP0 692 532A1 



10 



15 



20 



25 



30 



35 



40 



45 



SO 



CCTACCnTT AATCCCTATT GGCCTCTTAT nTATTGTCA GCATTGCAC TAACACCAGTT 60 
ATAGCAAGC CCAATTAACT CAGTAGAAGT TACACAG ATG ATG AAT GOT CAA GAA 114 

Met Met Asn Cly Gin Clu 
5 

GTC ACA ACA ACT AAA AAC ATT ACT ACG TTT GCC TTC TTA ATC AAC ATG 162 
Val Thr Thr Thr Lys Lys He Ser Thr Phe Ala Phe Leu He Asn Met 

10 15 2 0 

TTA CCA AAT TAG CAA CTA ACT ACA CTT OCT TAC TTA CAG ATT ACA CCA 210 
Leu Pro Asn Tyr Gin Leu Ser Thr Leu Gly Tyr Leu Cln He Thr Ala 

2 5 3 0 3 5 

CCT GCT GCT CGA CTT CTA GTA GGC ATT OTA TTA CTT GCA TTA CGC GCA 258 
Ala Ala Ala Gly Leu Val Val Gly He Val Leu Leu Ala Leu Gly Ala 

4 0 4 5 5 0 

ACA TTC TTT GTT AAA ACT AGA CCT AAA ACA AAT GAA ATG CTT GCT GCA 306 
Thr Phe Phe Val Lys Thr Arg Arg Lys Thr Asn Glu Met Leu Ala Ala 

55 60 65 70 

CTT CAA GAT GCT GAA CAA CAA GAA GTG GCA CAA GAA GAA CAA CCT GAA 354 
Leu Gin Asp Ala Glu Glu Glu Glu Val Ala Gin Glu Glu Gin Ala Glu 

7 5 8 0 8 5 

GAA AAT GTT GAA CTC ACT CCA ACT CAA CAA GCT GAA GTT AAG ACT GAA 402 
Glu Asn Val Glu Val Thr Pro Thr Gin Gin Ala Glu Val Lys Thr Glu 

9 0 9 5 1 0 0 

CAA TTA ATT GCC ACA CAA TTA CTA ACA ACT CAT CTA GCT AGC AAT CAA 450 
Gin Leu He Gly Thr Cln Leu Val Thr Thr Asp Val Ala Ser Asn Gin 

10 5 110 115 

aT GCA GCT ACT GAA CAA GTT GAA GCT GAT TTA TTA CCT CCT ACT CAA 498 
Ala Ala Gly Thr Clu Gin Val Clu Gly Asp Leu Leu Pro Pro Ser Gin 

12 0 1 2 5 1 3 0 
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CM CCA ACG GAA ATG CGT CCA CCT CCT TCA CCA 

Pro Ala 



Gin Pro Thr Glu 

135 



Met Arg 

140 



TTA TTA CCT CCA 
Leu Leu 01 y Pro 



AAC CAA 
Asn Gin 

155 

ATG AAT GCT CAT CCA CCT 
Pro Gly 



Met Asn Ala His 

170 

CCA ATG CCA GCT 
Pro Met 



CCA CAA 
Pro Gin 

200 



Gly Ala 

185 

AAC CAA 
Asn Gin 



CGT CCT GGA CCA 
Gly Pro 



Arg Pro 

215 

CCA CGT 
Pro Arg 



CCT CAA 
Pro Gin 



GGT GGA 
Gly Gly 

CAA GGT 
Gin Gly 

GCT GGC 
Ala Gly 

220 

CCA GCT 
Pro Ala 

235 



CCT CCT 
Ala Gly 

CAA CCA 
Gin Pro 

TCT AAC 
Ser Asn 

190 

CCA AGA 
Pro Arg 

205 

CCA CGA 
Pro Arg 

GGC CCA 
Gly Pro 



Pro Ser Pro 

145 

CAT CCA CAA 
His Pro Gin 

160 

CCT CCT CAA 
Arg Pro Gin 

175 



ATG GCT ACT CCT AAC 
Met Gly Ser Pro Lys 

150 

CAC CCA CCA CGT CCG 
His Gly Pro Arg Pro 

165 

CAA GCT GGC CCA CCT 
Gin Ala 



CAA CCA AGA CCC ATG 
Gin Pro Arg 



CCA ATG AAC 
Pro Met Asn 

CCT AAC GGC 
Pro Asn Gly 

225 

CGT CCA ATG 
Arg Pro Met 

240 



Pro Met 

195 

CCT CAA 
Pro Gin 

210 



Gly Pro Arg 

180 

CCA AAT CGT 
Pro Asn Gly 

GGC AAT CCT 
Gly Asn Pro 



CCA CAA AAT TCT CAA 
Pro Gin 



GGA GCT 
Gly Ala 



Asn Ser Gin 

230 

GGT AGA TCT 
Gly Arg Ser 

245 



54G 



594 



642 



690 



738 



786 



834 



40 



45 



SO 



AAC CAA CCA AGA CCA ATG CCA AAT GGT CCA CAA AAC CAA CAA GGT CCA 
Pro Met 



Asn Gin Pro Arg 

250 



Pro Asn Gly Pro Gin Asn Gin Gin Gly Pro 

255 260 



AGA CCA ATG AAC CCT CAA GGC A/\T CCT CCT CCT CAA CCA GCT GCT GTC 
Pro Gin 



Arg Pro Met Asn 

265 



Gly Asn Pro Arg Pro Gin Pro Ala Gly Val 

270 275 



AGA CCT AAC AGC CCA CAA GCT AAC CAC CCA GGA CCA CGT CCA ACG CCA 
Pro Gin 



Arg Pro Asn Ser 

280 



Ala Asn Gin Pro Gly Pro Arg Pro Thr Pro 

285 290 



882 



930 



978 
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A,\T AAT CCT CM GCA CCA CCG CCA ATG CCT CCA ACA CCA AAT CCA CCA 1026 
s Asn Asn Pro Gin Gly Pro Arg Pro Met Gly Pro Arg Pro Asn Gly Gly 

295 300 305 310 

CCA AAC CGA GCT TAATTAACCA ATAGATTAGC TCTAAATTTG AAAACAGTTC 1078 
Pro Asn Arg Ala 

ATTTCCTAGA AAATCAACTG rnTTTTTAT TATTTGTAAG TAAATITATT AATCAACCGC 1138 

IS TTGl'lTlUn' GAATAAAGAT ACATCACAAC ATCTTCTTGA TTTACATCTT TAATTTCCAT 1198 

ATTATTGATC ATTAAACGGA TCTTCATGAT CTGATACATC TTGTTArrCT CATAATCAAC 1258 

ATAATTAAGA TGTCAAGCAC TAAAAGCAAA TAGCTCTTCT TCAGATTGGA TTACTTCTTr 1 31 8 

so ACCATTATTT AAGAACGACT GATCATCACT CAGTAATAAT AAGATCTGAT TCAAGTTTTT 1378 

GATATCAGTT CCTACTTCTT GATTTAACAT CAATGTTTCA TAGCGTGATA ATAAGGATTT 1438 

AAAACGGTGA ATGATTGATG TCGTTGCACT TTTCTCATCG TTGGTTTCAA CGTATTCAAA 1498 

ss. ACTGTTCATT AAGTTAATGT ATTCTTGCTC GTATTTCTTA TTAATCTGAT CAGGGTTATC 1558 

TGAATAGATT AAGATGTTCT TATTACnTG ATCAACAATA ACCATCGTTG CnTCATTAA 1618 

AGCTCAGTAA GTAAATAGTT TTTCAATCTT ATCCTTTAAT AAAAACGGGA TGATATTCTT 1678 

30 ATGTACGTTA AACTTATTAA AAATAAGTTT TGCAATCTGG TTGACTAGTT TATGATCAAC 1738 

CTGGTTCATA GTTAAnTCT TAACCATAAG AAGATTTTAA AATATTTAAA AAAACTATTG 1798 

CTGATATCTT AAAATAGTTA AGGTATAAAA ATAATAAATT AAATATGGCT CGTAGAGATG 1858 

3S ATCTAACCGG GCTTGGTCCT TTAGCAGGAA ATAATCCTTC TCATGCTTTA AACAHACCA 1918 

AGCGTCGTTG AAACTTAAAC CTACAAA 1945 

40 

(2) Information for SEQ ID NO. 16 
(i) Sequence characteristics: 

(A) Length of sequence: 1935 

(B) Type of sequence: amino acid 

(D) Topology: linear 

(E) Kind of sequence: DNA 

55 (xi) Indication of sequence: SEQ ID NO: 16 
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TTTATTTTTA TTTTTCGTAA ATCTTTTAAA ATATAAATAT ATTTTAATAT TCT ATG 

Met 

AAT AAA AAA ACA ATC ATC TTA AAC ACT ATT AGC TTG TTA GOT ACA ACA 
Asn Lys Lys Arg lie He Leu Lys Thr He Ser Leu Leu Gly Thr Thr 

5 10 15 

TCC TTT CTT ACT ATT CCG ATT TCT AGC TGT ATC TCT ATT ACT AAA AAA 
Ser Phe Leu Ser lie Gly lie Ser Ser Cys Met Ser He Thr Lys Lys 

20 25 30 

GAT GCA AAC CCA AAT AAT GGC CAA ACQ CAA TTA GAA GCA GCG CGA ATG 
Asp Ala Asn Pro Asn Asn Gly Gin Thr Gin Leu Glu Ala^ Ala Arg Met 

35 40 45 

GAG TTA ACA CAT CTA ATC AAT GCT AAA GCG ATG ACA TTA GCT TCA CTA 
Glu Leu Thr Asp Leu He Asn Ala Lys Ala Met Thr Leu Ala Ser Leu 
50 55 60 65 

CAA GAC TAT GCG AAG ATT GAA GCT ACT TTA TCA TCT GCT TAT ACT GAA 
Gin Asp Tyr Ala Lys He Glu Ala Ser Leu Ser Ser Ala Tyr Ser Glu 

70 75 80 

GCT GAA ACA GTT AAC AAT AAC CTT AAT GCA ACA TTA GAA CAA CTA AAA 
Ala Glu Thr Val Asn Asn Asn Leu Asn Ala Thr Leu Glu Gin Leu Lys 

85 90 95 

ATG GCT AAA ACT AAT TTA GAA TCA GCG ATC AAC CAA GCT AAT ACC CAT 
Met Ala Lys Thr Asn Leu Glu Ser Ala He Asn Gin Ala Asn Thr Asp 

100 105 110 

AAA ACG ACT TTT GAT AAT GAA CAC CCA AAT TTA CTT GAA GCA TAC AAA 
Lys Thr Thr Phe Asp Asn Glu His Pro Asn Leu Val Glu Ala Tyr Lys 

115 120 125 

GCA CTA AAA ACC ACT TTA GAA CAA CCT GCT ACT AAC CTT GAA GOT TTG 
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Ala Leu Lys Thr Thr Leu Glu Cln Arg Ala Thr Asn Leu Glu Gly Leu 

130 135 140 145 

TCA TCA ACT OCT TAT AAT CAA ATT CGC AAT AAT TTA GTC GAT CTA TAG 536 

Ser Ser Tlir Ala Tyr Asn Gin He Arg Asn Asn Leu Val Asp Leu Tyr 

150 155 160 

AAT AAA CCT ACT ACT TTA ATA ACT AAA ACA CTA GAT CCA CTA AAT GCC 584 
Asn Lys Ala Ser Ser Leu lie Thr Lys Thr Leu Asp Pro Leu Asn Gly 

165 170 175 

GGA ACC CTT TTA CAT TCT AAT GAG ATT ACT ACA GCT AAT AAG AAT ATT 632 
Gly Tlir Leu Leu Asp Ser Asn Glu lie Thr Thr Ala Asn Lys Asn lie 

180 185 190 

AAT AAT ACG TTA TCA ACT ATT AAT GAA CAA AAG ACT AAT GCT GAT GCA 680 
Asn Asn Thr Leu Ser Thr He Asn Glu Gin Lys Tlir Asn Ala Asp Ala 

195 200 . 205 

TTA GCT AAT ACT TTT ATT AAA GAA GTG ATT CAA AAT AAT AAA CAA ACT 728 
Leu Ala Asn Ser Phe He Lys Glu -Val lie Cln Asn Asn Lys Gin Ser 
210 215 220 '225 

TTT CTA GGA ATG TTT ACA AAC ACT AAT GTT CAA CCT TCA AAC TAT ACT 776 
Rie Val Gly Met Phe Thr Asn Thr Asn Val Gin Pro Ser Asn Tyr Ser 

230 . 235 240 

TTT GTT GCT TTT ACT CCT CAT GTA ACA CCT CTT AAT TAT AAA TAT GCA 824 
Phe Val Ala Phe Ser Ala Asp Val Thr Pro Val Asn Tyr Lys Tyr Ala 

245 250 255 

AGA AGA ACG GTT TGA AAT GGT GAT CAA CCT TCA ACT AGA ATT CTT GCA 872 
Arg Arg Thr Val Trp Asn Gly Asp Clu Pro Ser Ser Arg He Leu Ala 

260 265 270 

AAC ACC AAT ACT ATT ACT GAT CTT TCA TGA ATT TAT ACT TTA TCT GCA 920 
Asn Thr Asn Ser He Thr Asp Val Ser Trp He Tyr Ser Leu Ser Gly 

275 280 285 

ACA AAC ACG AAA TAC TTT ACT TTT ACC AAC TAG GGT CCA TCA ACT 968 
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Thr Asn Thr Lys Tyr CIn Plie Ser Phe Ser Asn Tyr Gly Pro Ser Thr 

290 295 300 305 

GGT TAT TTA TAT TTC CCT TAT AAC TTG CTT AAA GCG GCT GAT GCT ACT 1016 

Gly Tyr Leu Tyr Phe Pro Tyr Lys Leu Val Lys Ala Ala Asp Ala Ser 

310 315 320 

AAT CTT GGA TTA CAA TAG AAA CTA AAT AAT GGA AAT GTT CAA CCA GTT 1064 
Asn Val Gly Leu Gin Tyr Lys Leu Asn Asn Gly Asn Val Gin Pro Val 

325 330 335 

GAG TTT GCG ACT TCA ACT AGO OCA AAT AAT ACT ACA GCT AAT CCA ACT 1112 
Glu Phe Ala Thr Ser Thr Ser Ala Asn Asn Thr Thr Ala Asn Pro Thr 

340 345 350 

CCA CCA Cn CAT CAG Alt AAA GTT COT AAA ATC CTF TTA TCA CCT TTA 1160 
Pro Ala Val Asp Glu lie Lys Val Ala Lys He Val Leu Ser Gly Leu 

355 360 365 

ACA TTT GGC CAA AAC ACA ATC GAA TTA ACT CTT CCA ACC OCT CAA ACA 1208 
Arg Phe Gly Gin Asn Thr lie Glu Leu Ser Val Pro Thr Gly Glu Arg 
370 375 380 - 385 

AAT ATC AAT AAA CTT GCC CCA ATC ATT GGT AAT ATC TAT ATT ACT TCA 1256 
Asn ^fet Asn Lys Val Ala Pro Uet lie Gly Asn Met Tyr lie Thr Ser 

390 395 400 

TCT AAT CCT CAA CCA AAT AAA AAC CAA ATT TAG CAT ACT ATT TTT CCA 1304 
Ser Asn Ala Glu Ala Asn Lys Lys Gin lie Tyr Asp Ser He Phe Gly 

405 410 415 

AAC ACT TCA TCA CAA ACT GCT AGC CAA ACA TCT GTT ACT CTT GAT CTA 1352 
Asn Thr Ser Ser Gin Thr Ala Ser Cln Thr Ser Val Ser Val Asp Leu 

420 425 430 

TTA AAA GGA TAT ACT CTT CCA ACT ACT TCA ACA ACA TAT ATT CCT CAA MOO 
Leu Lys Gly Tyr Ser Leu Ala Thr Ser Ser Arg Thr Tyr He Arg Cln 

435 440 445 

TTT ACT CCT TTA ACA CAT AAT GGC CTA CAA ACC TCT CAC CCA CTT TAT 1448 
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Phe Tlir Cly Leu Thr Asp Asii Cly Val Cln Hir Ser Asp Pro Val Tyr 
4G0 455 460 465 

m ATT (Xrr TTC ATT GOT GCT CCT CAC CAT CXTT ACA GTT CCA ACT GGT 1496 
Leu He Cly Leu lie Gly Cly Arg Cln Asp Arg Thr Val Ala Thr Cly 

470 475 480 

ACA ACG AAT ATT CAA AAT TCT CCT CAT GTA GAT AAT GAT AAT ACA ACA 1544 
Tlir Thr Asn lie Cln Asn Ser Pro Asp Val Asp Asn Asp Asn Arg Thr 

485 490 495 

TTC ACA ATA TAT GTA AAT GCA CCA ATA AAC GGG AAC TAT CAC ATA ACT 1592 
Phe Thr He Tyr Val Asn Ala Pro lie Asn Cly Asn Tyr His lie Ser 

500 505 510 

GGT GCC TAT TTA CAA GCA ACG CCT ACA CCA ACA ACT CTC AAA TTC TCA 1640 
Cly Ala Tyr Leu Gin Gly Tlir Arg Tlir Ala Arg Ser Leu Lys Phe Ser 

515 520 525 

TCC CCT ACA ACT GGC ACT AAT AAT CAA GTT ACA CTC CTT GGT TTA CAA 1688 
Ser Gly Thr Ser Gly Ser Asn Asn Clu Val Thr Val Leu Gly Leu Giu 
530 535 540 545 

CAA AGO GAT TCA ACA ATA TTA GGT CAC TTT GAT ACA AAC ATC GAT GGT 1736 
Cln Arg Asp Trp Thr lie Leu Gly His Phe Asp Thr Lys Met Asp Gly 

550 555 560 

ACT ACT ACT ATT TCA TGA ACA AAT ACA CCA ACC AAA ACA ACT CTA ACC 1784 
Thr Tlir Thr He Ser Trp Thr Asn Thr Ala Ser Lys Arg Thr Leu Thr 
565 570 575 

40 TTA AAT AAA CCT CTA AAT AAA ATT ATT CTA ACT GCA GCA ACT CAA GAT 1832 

Leu Asn Lys Cly Leu Asn Lys He He Val Ser Cly Cly Thr Gin Asp 
580 585 590 

45 AAC ACA AAT CCT CCA TTT ATC CCT AAC TTA ACA TTT ACT CTC CAT CTA 1880 

Asn Thr Asn Ala Pro Phe He Gly Asn Leu Thr Phe Thr Leu His Leu 
595 600 605 

so ACC TAGA/^ACTTC TATTGCAAGC TCTCAATCTG CACAACCAGT TAAAAATAGA TG 1935 

Thr 
610 

55 
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(2) Information for SEQ ID NO. 17 

(1) Sequence characteristics: 

(A) Length of sequence: 32 

(B) Type of sequence: nucleic acid 

(C) Number of strand: single 

(D) Topology: linear 

(E) Kind of sequence: other nucleic acid 

synthetic DNA 

(xi) Indication of sequences 
TACGTTCTTCCTGGCAAACCTTACCACTACTT 

(2) Information for SEQ ID NO. 18 

(1) Sequence characteristics: 

(A) Length of sequence: 21 . 

(B) Type of sequence: nucleic acid 

(C) Number of strand: single 

(D) Topology s linear 

(E) Kind of sequence: other nucleic acid 

synthetic DNA 

(xi) Indication of sequence: 

CTACAAAGAACCTAAATATCA 

(2) Information for SEQ ID NO. 19 
(i) Sequence characteristics: 

(A) Length of sequence: 24 

(B) Type of sequence: nucleic acid 

(C) Number of strand: single 

(D) Topology: linear 
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(E) Kind of sequence: other nucleic acid, 

synthetic DNA 

(xi) Indication of sequence: 

TATAGAATTAAATTTTACTTATTC 24 



(2) Information for SEQ ID NO. 20 
75 (i) Sequence characteristics: 

(A) Length of sequence: 97 

(B) Type of sequence: nucleic acid 

(C) Number of strand: single 

(D) Topology: linear 

25 (E) Kind of sequence: other nucleic acid, 

synthetic DNA 

(xi) Indication of sequence: 



AGCTTTTTTT tTTTTTTTTT TTTGGCATAT AAATAATAAA TACAATAATT AATTACGCGT 60 
AAAAATTGAA AAACTATTCT AATTTATTGC ACTCGTC 97 

(2) Information for SEQ ID NO. 21 
(i) Sequence characteristics: 

(A) Length of sequence: 93 

(B) Type of sequence: nucleic acid 

(C) Number of strand: single 

(D) Topology: linear 

(E) Kind of sequence: other nucleic acid, 

synthetic DNA 
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(xi) Indication of sequence: 

AAAAAAAAAA AAAAAAAAAC CGTATATTTA TTATTTATGT TATTAATTAA TGCGCATTTT 
TAACTTTTTG ATAAGATTAA ATAACGTGAG CAG 

(2) Information for SEQ ID NO, 22 

(1) Sequence characteristics: 

(A) Length of sequence: 95 

(B) Type of sequence: nucleic acid 

(C) Number of strand: single 

(D) Topology: linear 

(E) Kind of sequence: other nucleic acid, 

synthetic DNA 

(xi) Indication of sequence: 

AGCTTTTTTT tTTTTTTTTT TTTGGCATAT AAATAATAAA TACAATAATT AATTACGCGT 
AAAAATTGAA AAACTATTCT AATTTATTGC ACTCG 

(2) Information for SEQ ID NO. 23 
(i) Sequence characteristics: 

(A) Length of sequence: 96 

(B) Type of seG[uence: nucleic acid 

(C) Number of strand: single 

(D) Topology: linear 

(E) Kind of sequence: other nucleic acid, 

synthetic DNA 
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(xi) Indication of sequence: 

AAAAAAAAAA AAAAAAAAAA CCGTATATTT ATTATTTATG TTAITAATTA ATGCGCATTT 60 
TTAACTTTTT GATAAGATTA AATAACGTGA GCCTAG 96 



(2) Information for SEQ ID NO. 24 
75 (i) Sequence characteristics: 

(A) Length of sequence: 11 

(B) Type of sequence: nucleic acid 

(C) Number of strand: single 

(D) Topology: linear 

25 (E) Kind of sequence: other nucleic acid, 

synthetic DNA 

(xi) Indication of sequence: 



GATCCAGCATG 11 



35 (2) Information for SEQ ID NO. 25 

(i) Sequence characteristics: 

(A) Length of sequence: -10 

40 

(B) Type of sequence: nucleic acid 

(C) Number of strand: single 
45 i^) Topology: linear 

(E) Kind of sequence: other nucleic acid, 

synthetic DNA 

50 

(xi) Indication of sequence: 

GTCGTACCTG 10 

55 
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(2) Information for SEQ ID NO, 26 
(i) Sequence characteristics: 

(A) Length of sequence: 21 

(B) Type of sequence: nucleic acid 

(C) Number of strand: single 

(D) Topology: linear 

(E) Kind of sequence: other nucleic acid, 

synthetic DNA 

(xi) Indication of sequence: 

GGGATTTCGAATTCTATGTCT 21 



(2) Information for SEQ ID NO. 27 
(i) Sequence characteristics: 

(A) Length of sequence; 2346 

(B) Type of sequence: amino acid 

(C) Number of strand: single 

(D) Topology: linear 

(E) Kind of sequence: DNA 

40 (xi) Indication of sequence: SEQ ID NO: 2.7 
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AAAAACATCA GATTGTTAAT CTGATATCTT TGCTTAAAAA AACACAAAAT CTTCTMCAA 60 
* AATCCTAMT AAATAACCCG TTAAATTAAC TAAAAAATTA AAAAAATGCT nTTCTrATC 120 

AACCAAAATT CTCTAGTAAT AAACCCTTAT TTATTnTAT TTITAGTCAT CmTAAGAT 180 
ATAAATATAT CTTAATATTC T ATC AAT AAG AAA AGA ATC ATC TTA AAC ACT 231 

Met Asn Lys Lys Arg lie lie Leu Lys Ihr 
5 10 
,5 ATT ACT TTG TTA GOT ACA ACA TCC TIT CTT AGC ATT GGC ATT TCT AGC 279 

IJe Ser Leu Leu Gly Thr Ihr Ser Phe Leu Ser lie Gly lie Ser Ser 
M5 20 25 

^° TCT ATC TCT ATT ACT AAA AAA GAC CCA AAC CCA AAT AAT GGC CAA ACC 327 

Cys Met Ser He Thr Lys Lys Asp Ala Asn Pro Asn Asn Gly Gin Thr 

30 35 40 

CAA TTA CAA CCA GCG CGA ATC GAG TTA ACT GAT CTA ATC AAT GCT AAA 375 
Gin Leu Gin Ala Ala Arg Met Glu Leu *nir Asp Leu He Asn Ala Lys 
30 ^5 50 - 55 

GCA AGG ACA TTA GCT TCA CTA CAA GAC TAT GCT AAG ATT GAA GCT AGT 423 
Ala Arg Hir Leu Ala Ser Leu Gin Asp Tyr Ala Lys He Glu Ala Ser 
35 60 65 70 

HA TCA TCT GCT TAT AGT GAA GCT GAA ACA CTT AAC AAT AAC CTT AAT 471 

Leu Ser Ser Ala Tyr Ser Glu Ala Glu Thr Val Asn Asn Asn Leu Asn 

75 80 85 90 

GCA ACA CTA GAA CAA CTA AAA ATG GCT AAA. ACT AAT TTA GAA TCA GCC 519 

Ala Thr Leu Glu Gin Leu Lys Met Ala Lys Thr Asn Leu Glu Ser Ala 

45 

95 100 105 

ATC AAC GAA GCT AAT ACG CAT AAA ACG ACT TTT GAT AAT GAA CAT CCA 567 
50 He Asn Gin Ala Asn Thr Asp Lys Thr Thr Phe Asp Asn Glu His Pro 

HO 115 120 

AAT TTA CTT GAA GCA TAC AAA GCA CTA AAA ACC ACT TTA GAA CAA CGT 615 
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Asn Leu Val Clu Ala Tyr Lys Ala Leu Lys Thr Thr Leu Clu Gin Arg 

125 130 135 

GCT ACT AAC CTT CAA CXrr TTA OCT TCA ACT OCT TAT AAT CAC ATT CGT G63 
Ala Thr Asn Leu Clu Gly Leu Ala Ser Thr Ala Tyr Asn Gin lie Arg 

140 145 150 

AAT AAT TTA GTG CAT CTA TAG AAT AAT CCT ACT ACT TTA ATA ACT AAA 711 
Asn Asn Leu Val Asp Leu Tyr Asn Asn Ala Ser Ser Leu He Thr Lys 
155 160 165 170 

ACA CTA GAT CCA CTA AAT GGC GGA ATC CTT TTA GAT TCT AAT GAG ATT 759 
Thr Leu Asp Pro Leu Asn Cly Gly Met Leu Leu Asp Ser Asn Glu He 

175 180 185 

ACT ACA GTT AAT CGG AAT ATT AAT AAT ACG TTA TCA ACT ATT AAT GAA 807 
. Thr Thr Val Asn Arg Asn He Asn Asn Thr Leu Ser Thr He Asn Glu 
190 195 200 

CAA AAG ACT AAT GCT GAT GCA TTA TCT AAT ACT TTF ATT AAA AAA GTG 855 
Gin Lys Thr Asn Ala Asp Ala Leu Ser Asn Ser Phe He Lys Lys Val 

205 210 215 

ATT CAA AAT AAT GAA CAA ACT TTT GTA GGG ACT TTT ACA AAC GCT AAT 903 
He Gin Asn Asn Clu Gin Ser Phe Val Gly Thr Phe Thr Asn Ala Asn 

220 225 230 

GTT CAA CCT TCA AAC TAC ACT TTT GTT CCT TTT ACT Ca GAT GTA ACA 951 
Val Gin Pro Ser Asn Tyr Ser Phe Val Ala Phe Ser Ala Asp Val Thr 
235 240 245 250 

CCC CTC A/\T TAT AAA TAT CCA AGA AGG ACC GTT TGC AAT CGT GAT GAA 999 
Pro Val Asn Tyr Lys Tyr Ala Arg Arg Thr Val Trp Asn Cly Asp Glu 

255 260 265 

CCT TCA ACT AGA ATT CTT GCA AAC ACC AAT ACT ATC ACA GAT CTT TCT 1047 
Pro Ser Ser Arg He Leu Ala Asn Thr Asn Ser He Thr Asp Val Ser 

270 275 280 

TCC ATT TAT ACT TTA GCT GCA ACA AAC ACG AAG TAC CAA TTT ACT TTT 1095 
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Trp He Tyr Ser Leu Ala CI y TJir Asn Thr Lys Tyr Gin Phe Ser Phe 

285 290 295 

AGC AAC TAT GGT CCA TCA ACT OCT TAT TTA TAT TTC CCT TAT AAC TTG 
Ser Asn Tyr Cly Pro Ser Thr Cly Tyr Leu Tyr Phe Pro Tyr Lys Leu 

300 305 310 

CTT AAA GCA OCT GAT OCT AAT AAC GTT GGA TTA CAA TAC AAA TTA AAT 
Val Lys Ala Ala Asp Ala Asn Asn Val Gly Leu Gin Tyr Lys Leu Asn 
315 320 325 330 

AAT GGA AAT GTT CAA CAA GTT GAG TTT GCC ACT TCA ACT ACT CCA AAT 
Asn Cly Asn Val Gin Gin Val Clu Phe Ala Thr Ser Thr Ser Ala Asn 

335 340 345 

AAT ACT ACA GCT AAT CCA ACT CCA GCA CTT GAT GAG ATT AAA GTT CCT 
Asn. Thr Thr Ala Asn Pro Thr Pro Ala Val Asp Clu He Lys Val Ala 

350 355 360 

AAA ATC GTT TTA TCA GGT TTA ACA TTT GCC CAA AAC ACA ATC GAA TTA 
Lys He Val Leu Ser Gly Leu Arg Phe Cly Gin Asn Thr He Glu Leu 

365 370 375 

ACT GTT CCA ACC GGT CAA CCA AAT ATC AAT AAA CTT GCC CCA ATC ATT 
Ser Val Pro Thr Cly Clu Cly Asn Met Asn Lys Val Ala Pro Met He 

380 385 390 

GGC AAC ATT TAT CTT AGC TCA AAT CAA AAT AAT GCT GAT AAG ATC TAC 
Cly Asn He Tyr Leu Ser Ser Asn Clu Asn Asn Ala Asp Lys He Tyr 
395 400 405 410 

AAT CAT ATC TTT GGT AAC ACA ATC AAC CAA CAC AAT AAT CCT ATT TOT 
Asn Asp He Phe Cly Asn Thr He Asn Gin Gin Asn Asn Ala lie Ser 

415 420 425 

CTA ATC GTT AAT ATC CTT GAG GCA TAT AAT TTA CCT ACT ACT TAT TCT 
Val Met Val Asn Met Val Clu Gly Ty.r Asn Leu Ala Ser Ser Tyr Ser 

430 435 440 

CCA CCA TAT AAA CCA ATT AAT GTT TCC ACT GGT CCT CCT CAA ACT CAA 
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Pro Ala Tyr Lys Pro lie Asn Val Ser Thr Gly Gly Gly Gin Thr Gin 

445 450 455 

CCA TAT TAT GTA ATT GCT TGA TTG GGC GCT ACT GAT CAG AAC CCT AGA 1623 
Pro Tyr Tyr Val He Gly Trp Leu Gly Ala Ser Asp Gin Asn Pro Arg 
460 465 470 

- AAC GCT CTG GGA ACC AAC ATG AAC GTA CAA AGA err CCA CCA ACA AAT 1671 
Asn Ala Val Gly Thr Asn Met Asn Val Gin Arg Val Pro Ala Thr Asn 
475 480 485 490 

AGC AAC CAA GGC GGA TAT GCT AGA TAT GTC TCT TTT TAT GTT AAT GCT 1719 
Ser Asn Gin Gly Gly Tyr Ala Arg Tyr Val Ser Phe Tyr Val Asn Ala 

495 500 505 

CCA CAA GCT GGT TCA TAT TAT ATT ACT CGT AAC TAT AAT ACT TTA ACA 1767 
Pro Gin Ala Gly Ser Tyr Tyr He Ser Gly Asn Tyr Asn Ser Leu Thr 

510 515 520 

CCT ACA GGT CTA GCT CTG TCT ACT GAG AAA ACA TTT ACA ACC AAT GTG 1815 
Ala Arg Gly Leu Ala Val Ser Thr Glu Lys Thr Phe Thr Thr Asn Val 

525 530 535 

ATC AAG ATC ACT CAC TTA CAA CTA ATT AAT GCC ACT AAT ACA ATC TTA 1863 
He Lys lie Thr His Leu Gin Val He Asn Ala Thr Asn Arg He Leu 

540 545 550 

ACC TTT GAT ACT AAA ACA AAA ACA GGA ACT GAT AGT AAT AAC GGT AAT 1911 
Tlir Pile Asp Ttir Lys Thr Lys Arg Gly Thr Asp Ser Asn Asn Gly Asn 
555 560 565 570 

ATT ACA TTA GAA GCA AAC AAA GAC ACA ATA ACA TTA ACT AAG GGT TGA 1959 
45 He Tlir Leu Glu Ala Asn Lys Asp Thr He Thr Leu Thr Lys Gly Trp 

575 580 585 

AAC AAA CTT TAT GTT TCA GCT AAT AAT AAT GAC AGT GTA CGT ATT GCT 2007 
so Asn Lys Leu Tyr Val Ser Gly Asn Asn Asn Asp Ser Val Gly He Gly 

590 595 600 

AAT CTT ACT TTT ACA TTA ATG CCA CCA CAA ACT AAT TCA TAATTAAGAT 2056 

55 
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Ash Leu Tlir Plie Thr Leu Met Pro Pro Gin Thr Asn Ser 
' . 605 610 615 

ATATTAAACA TACCCATITA CATAATCTAA ATGGGTATCT TmTATTGA AAATGGCGCA 2116 
TGATGAAATC AAACTTAAGT TCACTAGTGC TTTGATAAAT TAGATCAGCT TTAGAANNAT 2176 

10 

CTTCACTACT GCCATGGGTA ATGACAACAG CTTrCArnT GNCTCCTrCC ATCGCTTTCA 2236 
ATCCTCAGAT CGCATCTTCA AACCCAATAN CTTNATCATT GCTGATATCT AAGTCTTCTN 2296 
CACCnTAAG ATAGATATCA GCIWCTGGTT TACCTTGCTT AATCTCACn 2346 
(2) Information for SEQ ID N0« 28 

(1) Sequence characteristics: 

20 

(A) Length of sequence: 17 

(B) Type of sequence: nucleic acid 

(C) Number of strand: single 

(D) Topology: linear 

(E) Kind of sequence: other nucleic acid, 

synthetic DNA 
(xi) Indication of sequence: SEQ ID NO; 28 

35 

GTTTTCCCAGTCACGAC 17 

(2) Information for SEQ ID NO. 29 

40 

(i) Sequence characteristics: 

(A) Length of sequence: 27 

(B) Type of sequence: nucleic acid 

(C) Number of strand: single 
5^ - (D) Topology: linear 

(E) Kind of sequence: other nucleic acid, 

synthetic DNA 
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(xi) Indication of sequence: SEQ ID NO: 29 
AACCAACCAACCCGATCGCTAGTCT 

(2) Information for SEQ ID NO. 30 

(1) Sequence characteristics: 

(A) Length of sequence: 20 

(B) Type of sequence: nucleic acid 

(C) Number of strand: single 

(D) Topology: linear 

(E) Kind of sequence: other nucleic acid 

synthetic DNA 
(xi) Indication of sequence: SEQ ID NO: 30 

TGATTGGGCGCTAGCGATCA ' . 

(2) Information for SEQ ID NO. 31 

(1) Sequence characteristics: 

(A) Length of sequence: 23 

(B) Type of sequence: nucleic acid 

(C) Number of strand: single 

(D) Topology: linear 

(E) Kind of sequence: other nucleic acid 

synthetic DNA 
(xi) Indication of sequence: SEQ ID NO: 31 

TCCCAACCTTGTTCGAAATACAA • 

(2) Information for SEQ ID NO. 32 
(i) Sequence characteristics: 

(A) Length of sequence: 19 
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(B) Type of sequence: nucleic acid 

(C) Kumber o£ strand: single 

(D) Topology: linear 

(£) Kind of sequence: other nucleic acid, 

DNA 

(xi) Indication of sequence: SEQ ID NO: 32 
TGAAACAAGCTTTATGTTT 

(2) Information for SEQ ID NO. 33 - 

(1) Sequence characteristics: 

(A) Length of sequence: 17 

(B) Type of sequence: nucleic acid 

(C) Number of strand: single 

(D) Topology: linear 

(E) Kind of sequence: other nucleic acid, 

DNA 

(xi) Indication of sequence: SEQ ID NO: 33 
CAGTATCGACAAAGGAC 

(2) Information for SEQ ID NO. 34 
(i) Sequence characteristics: 

(A) Length of sequence: 17 

(B) Type of sequence; nucleic acid 

(C) Number of strand: single 

(D) Topology: linear 

(E) Kind of sequence: other nucleic acid, 

synthetic DNA 
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(xi) Indication of sequence: SEQ ID NO: 34 
CAGCAA.ACACCTATCAC 

(2) Information for SEQ ID NO. 35 

(1) Sequence characteristics: 

(A) Length of sequence: 20 

(B) Type of sequence: nucleic acid 

(C) Number of strand: single 

(D) Topology: linear 

(E) Kind of sequence: other nucleic acid, 

synthetic DNA 
(xi) Indication of sequence: SEQ ID NO: 35 

GTTCTTCCTGGCAAACTTTA . . 

(2) Information for SEQ ID NO, 36 

(1) Sequence characteristics: 

(A) Length of sequence: 20 

(B) Type of sequence: nucleic acid 

(C) Number of strand: single 

(D) Topology: linear 

(E) Kind of sequence: other nucleic acid, 

synthetic DNA 
(xi) Indication of sequence: SEQ ID NO: 36 

AAGAAGGACCGTTTGGAATG 

(2) Information for SEQ ID NO. 37 
(i) Sequence characteristics: 

(A) Length of sequence: 17 
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(B) Type of sequence: nucleic acid 

(C) Number of strand: single 

(D) Topology: linear 

(E) Kind of sequence: other nucleic acid, 

synthetic DNA 
(xi) Indication of sequence: SEQ ID NO; 37 

GTTTTCCCAGTCACGAC 

(2) Information for SEQ ID NO. 38 

(1) Sequence characteristics: 

(A) Length of sequence: 27 

(B) Type of sequence: nucleic acid 

(C) Number of strand: single 

(D) Topology: linear 

(E) Kind of sequence: other nucleic acid, 

synthetic DNA 
(xi) Indication of sequence: SEQ ID NO: 38 

CAAAGTACCTAAATATCGAATTCACCT 

(2) Information for SEQ ID NO. 39 
(i) Sequence characteristics: 

(A) Length of sequence: 23 

(B) Type of sequence: nucleic acid 

(C) Number of strand: single 

(D) Topology: linear 

(E) Kind of sequence: other nucleic acid^ 

synthetic DNA 
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(xi) Indication of sequence: SEQ ID NO: 39 

ATAGCTTAAGTGGAACAAACACG 

(2) Information for SEQ ID NO. 40 

(1) Sequence characteristics: 

(A) Length of sequence: 20 

(B) Type of sequence: nucleic acid 

(C) Number of strand: single 

(D) Topology: linear 
(£) Rind of sequence: other nucleic acid 

synthetic DNA 
(xi) Indication of sequence: SEQ ID NO: 40 

GGAACCAGATCTTGTTTCCC 

(2) Information for SEQ ID NO. 41 

(1) Sequence characteristics: 

(A) Length of sequence: 21 

(B) Type of sequence: nucleic acid 

(C) Number of strand: single 

(D) Topology: linear 

(E) Kind of sequence: other nucleic acid 

synthetic DNA 
(xi) Indication of sequence: SEQ ID NO: 41 

GGTCTAGAACAAAGGGATTGGACA- 

(2) Information for SEQ ID NO. 42 
(i) Sequence characteristics: 

(A) Length of sequence: 20 
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(B) Type of sequence: nucleic acid 

(C) Number of strand: single 

(D) Topology: linear 

(E) Kind of sequence: other nucleic acid, 

synthetic DNA 
(xi) Indication of sequence: SEQ ID NO: 42 

CTACCTACCATGG.TGATGAT 20 

(2) Information for SEQ ID NO. 43 
(i) Sequence characteristics: 

(A) Length of sequence: 27 

(B) Type of sequence: nucleic acid 

(C) Number of strand: single 

(D) Topology: linear 

(E) Kind of sequence: other nucleic acid, 

synthetic DNA 
(xi) Indication of sequence: SEQ ID NO: 43 

GATGGTACCACTACTATTTCATGGACA 27 



Claims 

4S 

1 . A recombinant Avipox virus inserted with DNA encoding a polypeptide showing antigenicity to Mycoplasma galii- 
seoticum . 

2. A recombinant Avipox virus according to claim 1, wherein DNA encoding a signal membrane anchor of type II 
so external membrane protein which infects to fowl is inserted at the terminus of DNA encoding a polypeptide showing 

an antigenicity to Mycoplasma qallisepticum. 

3. A recombinant Avipox virus according to claim 2. wherein said DNA encoding a signal membrane anchor is DNA 
encoding a signal membrane anchor of Newcastle disease virus. 

55 

4. A recombinant Avipox virus according to daim 1 , 2 or 3. wherein said inserted DNA encoding a polypeptide showing 
an antigenicity is DNA encoding a polypeptide showing an antigenicity which is reactive with Mycoplasma aalliseo- 
tiCUQl'inimunized sera or Mvcoolasma ^alliseoticum -infected sera anti is substantially pure, its nucleotide sequence 
being shown by SEQ ID NO: 1 . SEQ ID NO: 14. SEQ ID NO: 15. SEQ ID NO: 16 or SEQ ID NO: 27. 
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5. A recombinant Avipox virus according to claim 1 or 2. wherein said DNA has a nucleotide sequence shown by SEQ 
' ID NO: 14 or SEQ ID NO: 15. or a nucleotide sequence having the function substantially equivalent thereto. 

6. A recombinant live vaccine for poultry Mycoplasma Qaliisepticum infection comprising as an effective ingredient a 
recombinant Avipox virus according to claim 1 . 2. 3. 4 or 5. 

7. A substantially pure antigenic protein which is reactive with Mycoplasma oallisepticum -immunized sera or Mvco- 
Diasma aallisepticum- infected sera and encoded by a gene derived from Mycoplasma oallis^tlcum having a restric- 
tion enzyme map shown in Fig. 1 . and a modified antigenic protein which may be modified so long as it shows an 
antigenicity equivalent thereto. 

8. A gene encoding an antigenic protein according to claim 7. 

9. A substantially pure antigenic protein which is reactive with Mycoptasma-immunized sera or Mycoplasma-infected 
sera and encoded by a gene derived from Mycoplasma qaliisepticum having a restriction enzyme map shown in 
Rg. 7, and a modified antigernc protein which may be modified so long as it shows an antigenicity equivalent thereto. 

1 0. A gene encoding an antigenic protein according to claim 9. 

11. A substantially pure antigenic protein which is reactive with Mycoplasma qaHisepticum -immunized sera or Myco- 
plasma oailisepticum- infected sera and encoded by a gene derived from Mycoplasma qaliisepticum having a restric- 
tion enzyme map shown in Rg. 8, and a modified antigenic protein which may be modified so long as it shows an 
antigenicity equivalent thereto. 

1 2. A gene encoding an antigenic protein according to claim 11. 

13. A substantially pure antigenic protein which is reactive with Mvcoolasma -immunized sera or Mvcoplasma- infected 
sera and encoded by a gene derived from Mycoplasma gallisepticum having a restriction enzyme map shown in 
Rg. 10, and a modified antigenic protein which may be modified so long as it shows an antigenicity equivalent thereto. 

14. A gene encoding an antigenic protein according to claim 13. 

15. A fused protein conrprising a polypeptide showing ari antigenicity of Mycoplasma qaliisepticum lioated at the 5* end 
thereof with a signal membrane anchor of type II external membrane protein which infects to fowl. 

1 6. A fused protein according to claim 1 1 . wherein said signal membrane anchor is a signal membrane anchor of hemag- 
glutinin neuraminidase of Newcastle disease virus. 

17. A hybrid DNA encoding a fused protein according to claim 15. 

18. A component vaccine comprising as an effective ingredient a protein according to claim 7. 9, 11, 13. 15 or 16. 



<EP ^0692532A1J_> 



60 



EP0 692 532 A1 



F IG. I 



(RESTRICTION ENZYME MAP OF TM— 81) 



E Pv Sp PvHSpHc HcG Sp 
J \ \ \ I I I I I I 



EiEcoRK Pv:Pvun> Sp:SpaK HrHindlD 
Hc:Hincn> GcBsrin 



BNSOOCID: <Ep___j0692532A1_L> 



61 



EP0 692 532A1 



FIG. 2 
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FIG, 1 1 (A) 
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FIG. 12 
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